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Executive Summary 

As part of the Superfund investigations for the Carson River Mercury Site, the Environ

mental Protection Agency (EPA) conducted field investigations of mercury contamination and 

used the data to perform an ecological risk assessment. The assessment focused on a portion of 

the Carson River watershed known to be contaminated by mercury released from historic gold 

and silver ore milling operations, from near Brunswick Canyon, Gold Canyon, and Six-Mile 

Canyon (the sites of numerous historic mills) to the dam at Lahontan Reservoir. The assessment 

does not address the portion of the site downstream of Lahontan Dam . 

Summary of Approach 

Assessment and Measurement Endpoints 

The ecological risk assessment addresses the question of whether mercury contamina

tion has the potential to adversely affect natural ecosystems at the site. Because ecosxstems are 

complex and have many interacting biotic and abiotic components, there is generally no single 

attribute (or "assessment endpoint") that can serve as a comprehensive basis for evaluating 

ecological risks. Therefore, several assessment endpoints were select~d ba~ed on a variety of 

considerations including their regulatory status and relevance to the maintenance of healthy 

biological communities. The assessment endpoints used in this study are the viability of 

populations and communities of representative species of birds, mammals, and aquatic life 

including: 

• Ftsh-eating (piscivorous) birds such as the double-crested cormorant, 
great blue heron, and osprey; 

• Piscivorous mammals such as the mink; 

• Insectivorous birds such' as the American avocet and bank swallow; 

U2 ZS349U_D471X~U5/29/'IR·Dl 



• Terrestrial and riparian predators such as the red-tailed hawk and the 
coyote; 

• Benthic invertebrates; 

• Top predatory fish such as the walleye; and 

• Forage fish such as the carp, Tahoe sucker, and Sacramento blackfish. 

Unlike human health risk assessments, in which risks of adverse health effects exceeding one in 

10,000 are generally regarded as unacceptable, in ecological risk assessments a greater emphasis 

is placed on protecting populations and communities. Perhaps only in the case of endangered or 

threatened species is it necessary to adopt the degree of conservatism used in human health risk 

assessments. 

The ecological risk assessment for the Carson River site was based on numerous site

specific measurements of mercury concentrations in water, sediment, and tissues. This data was 

used to evaluate exposure and adverse effects on reproduction, growth, or survival of the 

assessment species. The comprehensive sampling and analysis conducted at the site reduced the 

need for generic assumptions and estimates often used in risk assessments. As necessary, 

accepted methods of estimation or extrapolation are used to derive the risk estimates, and 

conservative assumptions are made to account for uncertainty and to ensure that significant risks 

are not missed. 

Data Collection· 

To provide the data needed to assess exposure at the site, wildlife prey were sampled 

and their tissues analyzed for mercury. These samples included fish (Tahoe suckers, green 

sunfish, and carp) and benthic invertebrates (caddisfly larvae and crayfish),from three contami

nated locations in the Carson River upstream from Lahontan Reservoir ~Santiago Ruins, Dayton 

State Park, and Fort Churchill) and one background location (Ruhenstroth Dam). Samples from 

Lahontan Reservoir and three background reservoirs included fish (walleye, Sacramento 

blackfish, and carp), benthic invertebrates (midge larvae), and zooplankton. The potential 

uptake of mercury in terrestrial food chains was investigated by sampling lizards inhabiting 

contaminated soil and tailings at historic mill sites. In addition, the internal exposure of some 

birds at Lahontan Reservoir to mercury was evaluated by sampling tissues of bank swallows 

(blood, liver, and feathers) and cormorants (blood and feathers). 
' 

Water and sediment samples were also collected to determine the levels of mercury in 

the aquatic environment and to better understand the dynamics of mercury transport, uptake, and 
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transformation at the site. The water and sediment samples were collected at three time periods 

• (late summer, winter, and spring). Methylmercury, elemental mercury, and other mercury 

species were analyzed in water, sediment, and biota samples to provide information on the 

chemical behavior and transformation of mercury at the site. Methylmercury is the·most 

bioaccumulative and toxic form of mercury. A multi-species mass balance model that provides 

estimates of the quantities an~ flux of various forms of mercury within the reservoir was 

developed, which aided in the interpretation of mercury transport and fate in Lahontan Reservoir. 

• 

• 

Efforts were also made to directly 'identify mercury-related effects on aquatic life at the 

site by conducting a survey of benthic macro invertebrates and by measuring indicators of 

physiological stress in fish. Previous studies by other government agencies of effects of mercury 

on birds at the Stillwater National Wildlife Refuge and Carson Lake were also reviewed. 

However, because the data indicate that the birds studied by others at Stillwater and Carson Lake 

were generally exposed to lower levels of mercury than the birds investigated by EPA at 

Lahontan Reservoir, emphasis is placed on the results of the ecological risk assessment described 

in this report . 

Risk Assessment 

Using the exposure and effects data, risks of mercury to invertebrates, fish,'and wildlife 

were evaluated for various exposure pathways. The risks of incidental ingestion of inorganic 

mercury in soil or sediment were evaluated for several species of wildlife, including the 

American avocet, a shorebird that ingests large amounts of sediment with its food, and two 

terrestrial wildlife species, the red-tailed hawk and coyote, both of which could ingest high 

concentrations of mercury in tailings. Risks of dietary exposure to methylmercury were 

evaluated for all of the wildlife endpoint species at the site. To identify potential risks of 

exposure to inorganic mercury and methylmercury for these wildlife species, the estimated levels 

of mercury ingested through each exposure pathway were compared to critical effects thresholds 

derived from a literature review. 

Principal Findings 

The principal findings of the ecological risk assessment and the supporting investiga

tions are summarized below. Section 3 of the report describes the investigation results in greater 

detail, and Appendix D presents the complete analytical results. The results of the risk analysis 

are presented in S~ctions 4 .and 5. 

02 ZS3490_04700-021l6198-Dl 3 



• High Measured Mercury Concentrations. This study confirms the 
results of other researchers, and found extremely high concentrations of 
mercury in water, sediment, fish, and wildlife. The concentration of 
mercury in water increased downstream of historic mill sites, exceeding 
3,000 ng/L at Fort Churchill during high flow sampling in May 1995 
(total mercury, unfiltered). Mercury concentrations in some biota 
samples were extraordinarily high, including concentrations up to 9.5 
mglkg in walleye (fillet, wet weight) and 187 mglkg in juvenile double
crested cormorants (feather, dry weight). Elevated levels of mercury 
were also measured in zooplankton, benthic macroinvertebrates, fish, , 
and lizards._ Methylmercury was the predominant form of mercury in 
the food chain, particularly at the highest trophic levels in aquatic 
ecosystems (i.e., top predatory gamefish and fish-eating birds). 

• Low Availability of Mercury in Water and Sediments. The levels 
of total mercury in surface water and sediment of the Carson River 
system are high, but the majority of this mercury is in a relatively 
nontoxic and biologically unavailable form. Greater than 90% of the 
mercury in the water column appears to be strongly bound to sus
pended sediment. The unavailability of the mercury contributes to the 
low percentage of methylmercury in water and sediment (less than I% 
in most samples). In contrast, in many mercury-contaminated lakes in 
the eastern United States, methylmercury is greater than 10% of total 
mercury. 

• Mercury Methylation in River Sediments. Carson River sediments 
and floodplain tailings deposits are a continuing source of mercury to 
Lahontan Reservoir. This study suggests that the river sediments and 
floodplain soils (including those in the river delta) are also an impor
tant location for transformation of inorganic mercury to 
methylmercury (i.e., methylation). In contrast, sediments in Lahontan 
Reservoir do not appear to be a major source of methylmercury; 
reservoir sediments appear to be a net sink rather than a source of 
methylmercury and total mercury. 

Several lines of evidence suggest that significant mercury methylation 
occurs in the Carson River upstream from Lahontan Reservoir, and that 
methylmercury from Carson River inflow is more important than within-

. reservoir production in determining methylmercury levels in the reservoir. 
First, methylmercury levels in Lahontan Reservoir are less than those in 
incoming water from the Carson River. This pattern would not be evident 
if there was a significant flux of methylmercury from reservoir sediment to 
the water column, or if significant methylation occurred in the water 
column of the reservoir. Second, the mercury mass balance model de
scribed in Appendix G indicates that during spring high-flow conditions, 
methylmercury which enters the reservoir from the Carson River is suffi
cient to produce the levels observed in the reservoir water column. Finally, 
the h1ghest methylmercury level measured in the present study was in the 
Carson River at Dayton, Nevada in September 1994. This result demon
strates that significant methylation can occur in the river, particularly 
dunng periods of low flow and high temperature when anoxic conditions 
are more likely to develop in river sediment. 
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• Predicted Risks. Several types of wildlife are at risk of adverse 
effects from consumption of mercury-contaminated prey. Upstream 
of Lahontan Dam, risks appear to be greatest for piscivorous (fish
eating) birds feeding on contaminated fish in Lahontan Reservoir, 
based on comparisons of methylmercury levels in their food and 
tissues to published toxicity thresholds. Depending on the precise 
composition of their diet, the dose of mercury ingested by cormorants 
or other piscivorous birds could approach the levels found to be 
lethal to a variety of species. The levels of mercury in the feathers of 
some juvenile cormorants are more than double the level associated 
with reduced hatching, reduced survival, and brain lesions in labora
tory studies of ducks. Risks of adverse effects to nonpiscivorous 
wildlife exposed to methylmercury through consumption of mercury
contaminated prey appear to be minimal. Nonpiscivores at the site 
include insectivores, terrestrial raptors, and other carnivores. Risks 
of adverse effects to wildlife exposed directly to inorganic mercury in 
soil, sediment, water, and air also appear to be minimal. 

• No Obvious Adverse Effects. A variety of benthic macro
invertebrates, f1sh, and bird species are present at the site. Even at the 
rookery on Gull Island in Lahontan Reservoir, where tissue analyses 
confirm high exposure to mercury, young cormorants appeared to be 
successfully hatching and fledging, suggesting that the mercury 
contamination is not causing catastrophic or widespread effects on one 
of the species believed to be at greatest risk. These findings are based 
on observations made during this study and a review of studies con
ducted by other researchers at Stillwater NWR and Carson Lake. 
These findings do not, however, demonstrate the absence of Jess-than
obvious lethal effects, or adverse effects on reproduction or other 
sublethal endpoints. 

This study was not designed to directly measure the effects of mercury 
on fish-eating birds or other resident populations at highest risk, and we 
are not aware of any detailed investigations of the effects of mercury on 
reproduction of piscivores such as cormorants at the site. Therefore, a 
study is needed to identify mercury-related adverse effects, given the 
presence of other stressors (e.g., water diversions, habitat degradation) 
and natural fluctuations in wildlife populations. At this time, it is not 
possible to determine whether the absence of documented mercury
related effects results from a failure to look closely enough (i.e., the 
absence of a carefully designed study with adequate statistical power), or 
whether there are no significant effects. The latter hypothesis, if con
finned, would be a remarkable finding, given the high levels of environ
mental contamination and exposure at the site . 
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1 Introduction 

'"* £ Wf p 46.m 

This report summarizes the results of an ecological risk assessment for the Carson River 

Mercury Superfund Site upstream of Lahontan Dam. This section describes the scope a.nd 

objectives of the assessment, the regulatory background, and the organization' of the remainder of 

the report. 

1.1 Regulatory Background 

The ecological risk assessment for the site was conducted to satisfy requirements of the 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 

as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA). Guidance 

and technical reqmrements consulted during the preparation of the ecological risk assessment 

include Risk Assessment Guidance for Superfund, Volume II: Environmental Evaluation Manual 

(U.S. Environmental Protection Agency [EPA] 1989a), and Frameworkfor Ecological Risk 

Assessment (EPA 1992a). Field and laboratory assessment methods are provided in Ecological 

Assessment of Hazardous Waste Sites, A Field and Laboratory Reference (EPA 1989b); and 

examples of ecological assessments are provided in A Review of Ecological Assessment Case 

Studies from a Risk Assessment Perspective (EPA 1993a). Methods and data for wildlife 

exposure assessment are presented in the Wildlife Exposure Factors Handbook (EPA 1993b; 

1993c). 

1.2 Scope and Objectives of the E~ological Risk Assessment 

The Carson River site is large and complex, encompassing over 50 miles of riverine, 

reservoir, and wetland habitats upstream of Lahontan Dam. Previous investigations conducted 

by various state and federal agencies and universities have indicated that terrestrial and aquatic 

ecosystems in the Carson River drainage system are contaminated with mercury. These 

investigations mclude studies of mercury contamination of tailings, soils, surface water, 
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sediment, fish, and wildlife. The findings of these previous studies were used to design this 

investigation. 

The ecological risk assessment was conducted as a component of the remedial 
I 

investigation/feasibility study (RIIFS) process to gain a better understanding of the ecological 

significance and magnitude of the contamination and provide a basis for remedial decisions at the 

site. The main objective of the ecological risk assessment was to evaluate environmental 

samples for site-related contaminants and, in conjunction with investigations of exposure and 

effects of these contaminants, to estimate potential risks to the natural environment. To meet this 

objective, water and sediment samples and biological tissues of aquatic invertebrates, fish, 

reptiles, and birds were collected from the site for analysis. These data are used in this report to 

determine the exposure of resident biota to mercury and the extent of mercury biomagnification 

in the food chain. Some of these data and findings are also relevant to assessment of human 

health risks, because human exposure can occur through consumption of fish containing mercury. 

In addition, to directly examine current Impacts on the ecosystem, field assessments of observ

able physiological and community responses of fish and benthic invertebrates to mercury 

contamination were conducted. The assessments included internal and external examination of 

fish and surveys of benthic invertebrate community composition in both contaminated and 

uncontaminated areas. The ecological assessment field work is summarized in Table 1-1. 

An additional objective of the ecological risk assessment was to provide data for 

remedial planning at the site. For example, the data for total mercury and mercury species in 

water and sediment were used to develop a multispecies mercury mass balance model for the 

Lahontan Reservoir. The mass balance model provides information on the relative importance of 

sources of mercury (e.g., advective inflow versus sediment-water transfer) and its dominant 

forms, and identifies processes controlling mercury fate. However, in its current preliminary 

form, the model cannot be used to evaluate factors affecting the chemistry of mercury speciation, 

or to predict food chain biomagnification. If remedial action is warranted, this information could 

be used to evaluate remedial options that involve mitigation of mercury loading to the reservoir 

from upstream sources, removal of mercury-contaminated sediments, or other remedial scenarios. 

Extensive planning was carried out to provide the necessary data for this assessment. 

Sampling locations and target species were chosen during a site reconnaissance and fly-over 

survey in October 1993. Meetings were held with biologists and other scientists from the United 

States Geological Survey (USGS), the United States Fish and Wildlife Service (USFWS), the 
' 

Nevada Department of Wildlife (NDOW), the Desert Research Institute (DRI), and the Univer

sity of Nevada, Reno (UNR) to discuss the sampling locations and design. USGS topographic 

maps and aerial photographs of the entire river and reservoir were also reviewed. 
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The technical plans for the ecological investigations at the site are presented in a work 

plan (Ecology & Environment [E & E] 1994a), field sampling plan (E & E 1994b ), and a quality 

assurance project plan (E & E 1994c). A Technical Advisory Committee (TAC), consisting of 

local representatives 'of state and federal agencies an? universities, provided input on the design 

of the ecological assessment and commented on the planning documents. Field investigations 

were then conducted from Jurie 1994 to May 1995. 

The ecological risk assessment for the Carson River Mercury site examines the portion 

of the site above the Lahontan Dam, from New Empire to the Lahontan Reservoir (approximately 

50 river miles). Field activities were not conducted below Lahontan Dam due to limited 

resources, and because studies by the USGS and USFWS were already in progress to evaluate 

water quality below the dam (see Hoffman, 1994). However, pathways of mercury exposure may 

be sinular for ecological receptors above and below the dam; therefore, the findings of the 

ecological risk assessment could be used to evaluate the need for further studies of mercury 

contanunation below Lahontan Dam. 

Moreover, studies conducted by researchers at UNR and DRI were considered adequate 

to address the spatial pattern of mercury contamination in the affected portions of the watershed. 

Therefore, exhaustive or synoptic sampling was not conducted to·characterize the extent of 

contamination throughout the study area. Rather, six representative sampling locations were 

selected within areas of known contamination, where intensive sampling of multiple media and 

food chain components was conducted to support the ecological risk assessment. State-of-the-art 

analytical procedures were used to measure methylmercury and selected inorganic mercury 

spec1es. 

1.3 Organization of the Report 

This ecological risk assessment is divided into sections that correspond to the major 

phases of the process (see Figure 1-1 ): Problem Formulation (Section 2), Investigation Methods 

and Results (Section 3), Risk Analysis (Section 4), and Risk Characterization (Section 5). 

• Problem Formulation describes information evaluated during project 
scoping, including ecosyste,ms and species of concern, potential stress
ors and pathways, and ecological endpoints. Based on this information, 
an ecological conceptual site model is presented. 

• Investigation Methods and Results describes the nature and extent of 
mercury contamination in terrestrial and aquatic ecosystems based on 
analysis of water, sediment, and tissue samples collected in 1994 and 
1995. 
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• Risk Analysis derives quantitative estimates of exposure to mercury 
for selected wildlife species, and provides a review of published studies 
of the effects of mercury on rnacromvertebrates, fish, and wildlife. 

• Risk Characterization coml;lines the information from the exposure 
assessment and the ecological effects assessment to estimate potential 
ecological risks. The ecological significance of these potential risks is 
discussed, and uncertainties of the risk assessment are summarized. 

Section 6 presents the conclusions of the ecological risk assessment, and references are provided 

in Section 7. 
' 

Ecosystems and species of concern are described in Appendix A; the fish stress 

assessment is provided in Appendix B; the results of the assessment of effects on 
I 

macroinvertebrate communities is presented in Appendix C; analytical results for water, 

sediment, and tissues are summarized in Appendix D; a statistical summary of the biota data 

collected in the ecological investigations is presented in Appendix E; deviations from the field 

sampling plan are discussed in Appendix F; and the mass balance model for Lahontan Reservoir 
I 
' 

is provided in Appendix G. 
i 
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Table 1-1 

SUMMARY OF ECOLOGICAL ASSESSMENT ACTIVITIES FOR THE 
CARSON RIVER SITE 

Activity Purpose of tbe Activity 

• Surface water and sedtment samphng and analysts . To evaluate forms and concentrattons of mercury, and 
to relate levels of mercury m the envtronment to levels 
of mercury m biota. 

Aquattc mvertebrates, fish, btrds, and hzard sampling To evaluate levels of mercury m the food chain, and 
and analysis. risks to wildlife exposed through consumptiOn of 

contaminated prey. 

Macromvertebrate corrunumty charactenzatlon. To duectly tdentify effects of mercury on benthtc 
macromvertebrates. 

Ftsh stress assessment To tdenttfy effects of mercury on fish phystology and 
growth. 

Habttat charactenzat10n To document the presence of sensttlve ecosystems and 
spectes, and to relate observed and predtcted 
ecological effects of mercury to habttat charactenstics . 

• 
1-5 
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2 Pro.blem Formulation 

Problem formulation is the first step in the ecological risk assessment process. It 

establishes the goals, breadth, and focus of the assessment and identifies physical and chemical 

stressors, exposure pathways, ecosystems at risk, and ecological effects expected or observed. 

Ecological endpoints appropriate for the site are then derived, and a conceptual model is 

articulated. The conceptual model is a set of working hypotheses regarding the potential effects 

of site-related stressors on ecosystems and species of concern (EPA 1992a). 

The problem formulation step of the ecological risk assessment for the Carson River 

Mercury Site was initially conducted prior to 1995 during development ofthe project and was 

presented in the work plan and sampling plan (E & E 1994a; 1994b). In this section, the 

potential stressors, pathways, effects, and endpoints are re-evaluated and updated to reflect data 

collected or reviewed as part of this study. 

2.1 Site Description 

The Carson River originates in the eastern Sierra Nevada south of Lake Tahoe and flows 

northeastward and eastward to the Carson Desert (see Figures 2-1 and 2-2). The Carson River 

drains approximatelyJ,980 square miles in east-central California and west-central Nevada and 

flows through a series of generally separate alluvial valleys from the headwaters area to the 

Carson Desert. Near Carson City the river flows through a series'ofnarrow, high-gradient 

canyons along which several large ore-processing mills were situated during the late 1800s. The 

river is interrupted west of Fallon by Lahontan Dam, which was constructed in 1915 as part of 

the Newlands Irrigation Project. 

The site includes portions of the Carson River drainage basin that have been impacted 

by mercury. The field investigations completed as part of this ecological risk assessment 

focused on mercury contamination upstream of Lahontan Dam, beginning in the vicinity ofNew 

Empire and continuing downstream to Lahontan Reservoir. The investigation areas (including 
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background areas) are shown on Figures 2-1,2-2, and 2-3 and described further in Section 3. As 

discussed in Section 1, the ecological risk assessment does not directly address the shallow-water 

and marshland habitats (e.g., Carson Lake and Stillwater Marsh) below the dam, which are also 

known to be impacted by mercury. 

Mercury was introduced into the region in the late 1800s to process gold and silver ore 

from the Comstock Lode, one of the largest precious ore discoveries in U.S. history. Large-scale 

mining and production of the rich ore bodies commenced in 1863 and continued untii 1878. 

After 1878 production continued at a lower level until the early 1900s, when cyanide-leaching 

methods capable of recovering gold and silver from low-grade ore and reworked tailings were 

introduced. Cyanide-leaching methods were used extensively in the Comstock Lode district 

until the 1950s. 

The ore milling process of the late 1800s involved the use of elemental mercury to form 

an amalgam with gold and silver. A substantial amount of mercury was lost in this process; 

according to the estimates of Smith ( 1943 ), up to 14 million pounds of mercury were released. 

Most of the mercury was lost in association with finely-ground particles in mill tailings. The 

tailings were either directly discharged to the Carson River drainage system or captured in small 

reservoirs and reworked. Over the past I 00 or more years, the residual tailings were subjected to 

erosion by wind, rain, and river flooding and redistributed to areas downstream of the historic 

mills. A more detailed site description is presented in the RifFS report (E & E 1991). 

2.2 Ecosystems and Species of Concern 

As part of the ecological risk assessment, field investigations were conducted and the 

ecology of the site was characterized. This characterization involved the identification of plant 

and animal communities and observation of the effects of chemical and/or physical stress on 

these biological resources. This section provides a brief description of the major vegetative 

communities, wildlife species, aquatic resources, federally designated wetlands, and species of 

concern located at the site. Appendix A provides a more detailed description of the ecology of 

the area. 

The Carson River drainage is located at the eastern margin of the Great Basin, a high

elevation desert comprised of numerous valleys and mountain ranges. The streams, rivers, and 

drainages in this area flow inland into terminal desert lakes and sinks. There is little precipita

tion in the desert, and spring snowmelt in the Sierra Nevada is the primary source of flow in the 

Carson River. 
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The principal ecosystems and communities of the area, which are described below, include 

native pinyon pine-juniper woodlands, sagebrush steppe, riparian wetlands, and riverine aquatic 

ecosystems. Managed ecosystems are also a prominent feature of the area, including grazing 

pastureland and crops along the river, and the open water and mudflats of Lahontan Reservoir. 

Native upland ecosystems characteristic of the arid climate are prevalent in the study 

area. Higher elevations and canyons support single-leaf pinyon pine (Pinus moreophylla) and 

Utah juniper (Juniperus osteosperma) woodlands with areas of talus and cliff/cave habitat. At 

lower elevations in the valleys, in the Carson River floodplain, and around Lahontan Reservoir, 

the pinyon pine-juniper community is replaced with a sagebrush steppe community dominated 

by big sagebrush (Artemsia tridentata), rubber rabbitbrush (Chrysothamnus nauseasas), Russian 

thistle tumbleweed (Sa/sota kali), and a variety of other shrubs and forbs. Extensive agricultural 

areas, including grazing pastureland and alfalfa crops, are also located in the floodplain areas 

along the Carson River. 

Wildlife typical of upland pinyon pine-juniper, sagebrush steppe, and agricultural areas 

are abundant in the study area and include reptiles such as the western fence lizard (Sce/oporus 

occidentalis), small mammals such as the deer mouse (Peromyscus manicu/atus), herbivores 

such as the mule deer (Odocoileus hemionus) and blacktailjackrabbit (Lepus ca/ifornicus), 
I 

carnivores such as the coyote (Canis /atrans), raptors such as the red-tailed hawk (Buteo 

jamaicensis) and American kestrel (Falco sparverius), and numerous species of songbirds. 

The Carson River is the dominant riverine ecosystem in the study area. It is relatively 

shallow, with exposed sand bars and intermittent flow. It is a low-gradient river that typically 

varies in width between 20 and 150 feet and in depth from 1 to 7 feet. During extreme drought 

periods the river sometimes diminishes to negligible flow and depth. Bottom sediments are 

generally sandy. Turbidity, alkalinity, and dissolved solids increase toward Lahontan Reservoir. 

Representative warm water fish species of the Carson River are listed in Appendix A and include 

common carp (Cyprinus carpio), Tahoe sucker (Catostomus tahoensis), and green sunfish 

(Lepom'is cyanel/us). 

Extensive wetland communities are located throughout the study area. According to the 

National Wetland Inventory (NWI) maps of the Unites States Fish and Wildlife Service 

(USFWS), the Carson River channel, the river's associated riparian corridor and numerous 

oxbows, and Lahontan Reservoir (shoreline, islands, and basins/open water) are federally 

designated wetlands (see Appendix A). The wetland areas associated with the Carson River 

(channel, oxbows, sloughs, and delta) support an extensive riparian forested/scrub-shrub 

community dominated by Fremont cottonwood (Popu/usfremontii), willow (Salix spp.), and 
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other scrub-shrub riparian vegetation. In addition, several of these wetland areas support a 

_ riparian scrub-shrub/emergent community dominated by willow, tamarisk (Tamarix gal/ica), 

cattails (Typha spp.), and various sedges (Carex spp.) and rushes (Juncus spp.). These riparian 

wetlands are an important source of food, cover, and nesting sites for numerous species of 

songbirds such as the yellow-headed blackbird (Xanthocephalus xanthocephalus) and bank 

swallow (Riparia riparia); wading birds such as the great blue heron (Ardea herodias) and 

snowy egret (Egretta thula); carnivores such as the raccoon (Procyon lotor) and coyote; and 

raptors such as the osprey (Pandion haliaetus). 

Lahontan Reservoir receives flow from the Carson River and the Truckee Canal, a 

diversion canal from the Truckee River. The reservoir consists of three basins (north, south, and 

middle) and connecting channels. At a maximum pool elevation of 4,164 feet, Lahontan 

Reservoir has a surface area of I 0,900 acres, 65 miles of shoreline, a maximum depth of 85 feet 

(near Lahontan Dam in the north basin), and a mean depth of27 feet (Cooper et al. 1983). The 

maximum depth is 85 feet near Lahontan Dam in the north basin, at maximum pool elevation. 

The mean depth is 26.6 feet at maximum pool elevation. During drought conditions, the 

reservoir water level can drop as much as 60 feet below the high water mark. The north basin 

occasionally stratifies in summer, but the reservoir is generally well-mixed. 

The lacustrine open water and mudflat habitats associated with Lahontan Reservoir are 

significant habitat for a variety of invertebrates, fish, songbirds, shorebirds, and piscivorous 

birds. Fish species of the warm water reservoir include common carp, walleye (Stizostedion 

vitreum), and Sacramento blackfish (Orthodon microlepidotus). Songbird and shorebird species 

that utilize the wetland areas around Lahontan Reservoir include bank swallows, American 

avocets (Recurvirostra americana), and black-necked stilts (Himantopus mexicanus). In 

addition, numerous individuals of migratory colony-nesting bird species such as the double

crested cormorant (Phalacrocorax auritus) and snowy egret use Gull Island in the.north basin of 
' 

Lahontan Reservoir as their breeding grounds in the spring/summer. Piscivorous birds such as 

the bald eagle (Ha/iaeetus /eucocepha/us), American white pelican (Pelecanus erythrorhynchos), 

and osprey use the reservoir as their feeding grounds. 

Five species of concern listed as either state or federally endangered, threatened, or 

protected are reported to occur in the study area (see Table A-3 in Appendix A). The bald eagle 

is listed by the State of Nevada as endangered and by the USFWS as threatened. The yellow

billed cuckoo (Coccyzus americanus), American white pelican, and western gray squirrel 

(Sciurus griseus griseus) are listed as protected species by the State ofNevada. In addition, the 

California spotted owl (Strix occidentalis) is listed as a protected species by the State of Nevada 
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and as a Category 2 candidate species by the USFWS. According to the USFWS, Category 2 

• candidate species include those species for which existing infonnation indicates a listing may be 

warranted, but for which substantial biological infonnation to support protection is lacking. 

Twenty-one other federally-listed Category 2 candidate species are also reported to occur in the 

study area (see Appendix A). 

• 

• 

2.3 Potential Stressors, Pathways, and Ecological Endpoints 

2.3.1 Mercury 

The main chemical stressor present in the study area is presumed to be mercury released 

from historic mill sites and tailing piles located along the Carson River near Brunswick Canyon, 

in Six Mile Canyon, and in Gold Canyon (see Figure 2-2). The toxicity of mercury to fish and 

wildlife is reviewed in Eisler (1987), Zillioux et al. (1993), Wren et al. (1995), and others and is 

discussed in the work plan (E & E 1994a) and Section 4. Once absorbed,by organisms, mercury 

can cause a variety of deleterious effects. Laboratory studies have shoWn mercury to be 

mutagenic, teratogenic, neurotoxic, and carcinogenic, causing adverse effects on cells, organs, 

reproduction, growth, viability, and behavior. Early developmental stages are generally the most 

sensitive to the adverse effects of mercury. 

In laboratory studies, fish exposed to mercury demonstrated sluggishness, erratic 

behavior, lack of coordination, inability to capture food, and loss of appetite. Pathological 

responses in fish include brain lesions and cataracts. Both laboratory and field investigations 

have shown that mercury exposure in birds can adversely affect behavior (e.g., reduced nest 

fidelity and abandonment of territories), reproduction (reduced hatch and juvenile survival), and 

physiology (br~in lesions, emaciation, and disease). The adverse effects of mercury in mam

mals include destruction of nerve tissue, blindness, reduced fertility, and cancer. 

The chemical fonn of mercury has an important effect on its uptake, retention, and 

toxicity. The principal fonns of ecotoxicological concern are mercuric ion (H_g2+) and 

methylmercury (CH3Hg). In sediment and surface water, microbes can convert inorganic fonns 

of mercury to methylmercury, which is consid~red the most hazardous fonn of mercury. The 

toxicity of methylmercury is related to its ability to penetrate membranes and accumulate in 

tissues. In addition, methylmercury is slowly eliminated by most organisms and can 

bioaccumulate and biomagnify to high levels, particularly in older organisms and animals high in 

the food chain (Eisler 1987). 
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Tolerance to mercury has been reported in fish and microbes (Mulvey and Diamond 

1991). Mechanisms of tolerance could include genetic and/or physiologic changes in popula

tions following exposure to mercury. Such a response is possible at the site, given the long time 

penod available for adaptation to occur. Simultaneous exposure to selenium may also reduce 

the toxic effects of mercury (Eisler 1987). Selemum is a trace contaminant of irrigation 

drainwater m some parts of the western United States and is known to occur in relatively high 

concentrations below Lahontan Dam (Hallock and Hallock 1993). 

2.3.2 Other Stressors 

-Other stressors may have effects on biological communities that either directly or 

indirectly influence their response to mercury contamination. Other than mercury, the major 

potential stressors at the site include reduced surface water flows due to agricultural diversion 

and drought; physical habitat disruption from mining, urban development, and agriculture; 

eutrophication from nutrients in ninoff, irrigation drainwater, and treated sewage; and dissolved 

solids and other contaminants present in runoff, irrigation drainwater, and mine wastes. The 

presence of multiple stressors increases the difficulty of identifying adverse effects of mercury. 

Extensive agricultural activity, including cattle grazing and irrigated crop production, 

can affect the natural ecosystems in the study area. About 56,000 acres of agricultural land are 

irrigated along the Carson River above Lahontan Reservoir, resulting in the annual diversion of 

an estimated 140,000 acre-ft of water from the nver (Kerley et al. 1993). This diversion is about 

34% of the estimated historical, unregulated annual flow and 52% of the present-day average 

annual flow at Fort Churchill, a few miles upstream of the reservoir. Thus, the diversion of 

water for agricultural use is significant and has led to a substantially reduced flow in comparison 

to histoncal conditions. Much of the native nparian wetlands and sloughs in the area probably 

have been alte_red or drained, resulting in loss ofhabitat; however, a precise estimate of wetlands 

loss above Lahontan Dam is unavailable. About 90% of the wetland area below Lahontan Dam 

at Carson Lake, Stillwater Marsh, and Carson Sink has been lost (Kerley et al. 1993). 

In addition to habitat loss and reduced water flow, agncultural activity can lead to 

degradation of riverine and riparian habitats through overgrazing and trampling by cattle; 

nutrient loading and eutrophication; higher levels of dissolved solids and suspended sediments; 

and mobilization of trace elements such as arsenic, boron, and selenium in irrigation drainwater . 

Detailed investigations of these potential stressors have not been conducted above Lahontan 

Dam, but in general there IS expected to be a reduction in water quality and a shift toward stress

tolerant species, with the potential for the dechne in population or absence of sensitive species. 
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The potential stress of reduced water quality and flow due to human activities is 

compounded by the periodic natural occurrence of drought conditions. Drought conditions 

significantly affect reproduction and survival of aquatic species by reducing habitat, increasing 

water temperature and decreasing dissolved oxygen. During the late summer of 1994, large 

stretches of the Carson River were completely dry, and the volume of Lahontan Reservoir was 

reduced by greater than 90%. In February 1995, attempts to collect fish from the Carson River 

for analysis failed (see Section 3), indicating the absence of target fish species as a result of the 

drought. 

The combined effects of these stressors could have important consequences. For 

example, conditions of severe water, nutrient, and physical stress could lead to the predominance 

of stress-tolerant species at the site, even in the absence of mercury exposure. Low-water 

conditions arising from agricultural draw-off and drought also could result in evaporative 
' 

concentrations of contaminants and could give rise to stagnant, anaerobic conditions that are 

known to enhance mercury methylation. Moreover, physical degradation ofthe riparian habitat 

could cause erosion of river banks and increased sediment loading. 

2.3.3 Potential Exposure Pathways 

As described in Section 2.1, elemental mercury was released into the environment as a 

result of its use at historic gold and silver milling operations. Surface water runoff, river 

flooding, and wind erosion transported the mercury down the canyon washes into the soils of the 

alluvial fans and floodplain and into the surface water, sediments, and banks of the Carson River, 

Lahontan Reservoir, and areas below the reservoir extending into the Carson Sink. Stream bank 

erosion and resuspension of bottom sediment in the Carson River continue to transport mercury 

downstream. Soil, sediment, and surface water located adjacent to or downgradient from the 

historic mills are potentially affected media and serve as sources of exposure to plant ~nd animal 

communities in the CRMS. Fish and wildlife species that are consistently in contact with the 

water and sediments of Carson River and Lahontan Reservoir or the residual tailings and soils of 

historic mill sites, or that derive the majority of their food from these areas face the greatest 

potential risk from the mercury contamination. In addition, because mercury is known to 

biomagnify in the food chain, those wildlife species at higher trophic levels such as piscivorous 

birds, raptors, and carnivores are particularly vulnerable to mercury exposure through the food 

chain . 

Exposure to groundwater is not considered to be a significant exposure pathway, 

because direct contact with subsurface groundwater is likely to be minimal for ecological 
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receptors, and levels of mercury in groundwater at the site are generally lower than levels of 

mercury in surface water. Furthermore, exposure to volatile or particulate airborne mercury is 

not considered to be an important pathway. Mercury levels in air could be high in soil pore 

spaces and animal burrows at or near tailings, but exposure is not likely to be as great as the 

exposure to other sources of mercury in the food chain. 

The fate and transport of mercury in the environment has been described by Winfrey 

and Rudd (1990), Watras and Bloom (1992), Zillioux et al. (1993), and Wren et al. (1995). 

Mercury is persistent and may be transformed into more bioavailable forms, such as ionic 

mercury'and methylmercury, and it biomagnifies in aquatic ecosystems. Aquatic plants and 

algae can absorb mercury from contaminated water and/or sediment. Invertebrates and verte

brates in aquatic systems can acquire mercury by direct contact with contaminated water and 

sediment, ingestion of contaminated water and sediment, and consumption of contaminated 

plants and animal prey (see Figure 2-4). 

Mercury in surficial aquatic sediments is likely to be the largest pool of potentially 

bioavailable mercury at the site. Processes controlling bioavailability of mercury in sediments 

are complex and cannot be predicted from total mercury concentrations alone (Winfrey and 

Rudd I 990). Physical, geochemical, and biological variables affecting mercury speciation, 

methylation, and food-chain transfer are thought to be responsible for the wide variation in 

bioavailability observed in different types of mercury-contaminated ecosystems. Moreover, the 

key variables controlling bioavailability may differ among geographical locations and types of 

ecosystems. Evaluation of factors in the water column and sediments affecting the 

bioavailability of mercury is, therefore, important to understanding the potential for adverse 

ecological impacts at the site. 

Mercury can also enter terrestrial food chains (Wren et al. 1995). Plants in the vicinity 

of the old mill sites and tailing piles are potentially exposed via root uptake from contaminated 

soil. Soil invertebrates could be exposed to mercury through contact and absorption, incidental 

ingestion, and feeding on contaminated food. Terrestrial wildlife are potentially exposed 

through contact and absorption, incidental ingestion of contaminated media (soil and surfac~ 

water), and from consumption of contaminated vegetation or animal prey (see Figure 2-4). 

2.4 Ecological Endpoints 

An ecological endpoint is a characteristic of an organism or other component of an 

ecosystem that may be adversely affected by exposure to a contaminant or other stressor. 

Typical endpoints include survival or reproduction of fish or birds present at a site. 

' 
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In most cases; endpoints cannot be measured directly. In these cases, a distinction is 

made between the "assessment endpoint" and the "measurement endpoint." "Assessment 

endpoints" are qualitative or quantitative expressions of environmental values to be protected 

from site-related stressors. "Measurement endpoints!! are measurable responses to a stressor that 

can be quantitatively or qualitatively related to an assessment endpoint. For example, a decline 

in a sport fish population (an assessment endpoint) may be evaluated using laboratory studies on 

the mortality of a surrogate species such as the fathead minnow (the measurement endpoint). A 

more detailed discussion of ecological endpoints is presented in Framework for Ecological Risk 

Assessment (EPA 1992a). 

2.4.1 Assessment Endpoints 

Ideally, an,ecological endpoint would: (1) have regulatory and social significance, 

(2) be ecologically relevant, (3) be amenable,to measurement or prediction, and (4) be suscepti

ble to contaminants. Regulatory and social significance indicate that the assessment endpoint 

has value to the public or to regulatory agencies (e.g., population abundance of game species, 

viability of endangered species). Ecological relevance refers to the role of the assessment 

endpoint species in the ecosystem or community. Measurability indicates that some measure

ment exists to allow evaluation ofthe endpoint. Susceptibility indicates the potential for the 

assessment endpoint species to be exposed and adversely affected by the site contaminants. 

In this study, assessment endpoints were selected to represent the survival, growth, or 

reproduction of a variety of species likely to be exposed to mercury at the site (see Table 2-1 ). 

Each endpoint specifies a "functional group11 of species similar in their potential for exposure to 

mercury and in their likely toxicological response. A species' potential for exposure to mercury 

is assumed to reflect its trophic level (e.g., carnivore, herbivore, detritivore); feeding and 

nonfeeding habitat (e.g., terrestrial, aquatic, air); and amount of time spent in the Carson River 

area. For each of the assessment endpoints, Table 2-1 lists the functional· group and a representa

tive species in the group. The endpoints represent two types of terrestrial organisms (raptors and 

carnivorous mammal~) and nine types of semi-aquatic and aquatic organisms (piscivorous 

waterbirds, wading birds, shorebirds, raptors, songbirds, carnivorous mammals, forage fish, 

predatory fish, and aquatic invertebrates). Table 2-1 briefly describes each endpoint's ecological 

relevance, regulatory or social significance, amenability to measurement or prediction, and 

susceptibility to mercury . 
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Groups of species not selected as ~ssessment endpoints include dabbling ducks (e.g., 

mallards) and herbivorous mammals. These groups represent lower trophic levels, which are 

expected to experience less mercury exposure than those selected as assessment endpoints. 

2.4.2 Measurelllent Endpoints 

Ideally, a measurement endpoint would be: (1) relevant to and consistent with the 

assessment endpoint; (2) sensitive, rapid, and consistent in its response to the stressor of interest; 

(3) diagnostic; and (4) easily measured. 

In this study, the selected measurement endpoints include mercury concentrations in 

prey, blood, feathers, and/or liver in twelve animal species. The twelve species include two 

mammals (coyote and mink), six bird species (red-tailed hawk, double·crested cormorant, great 

blue heron, American avocet, osprey, and bank swallow), and four fish species (carp, Tahoe 

sucker, Sacramento blackfish, and walleye). One species was selected to represent each of the 

assessment endpoints, with two exceptions (two species, red-tailed hawk and osprey, were 

selected to represent terrestrial and aquatic raptors, respectively; and two mammals, coyote and 

mink, were selected to represent terrestrial and aquatic carnivores, respectively). Two of these 

species are terrestrial (red-tailed hawk and coyote); the rest are aquatic or semi-aquatic. In 

addition, the community of aquatic invertebrates is selected as an endpoint since risks to 

invertebrates are evaluated at the community level rather than for individual species: The 

species selected as measurement endpoints are those whose dietary habits are known (to allow 

quantitative estimates of exposure to mercury) and whose toxicological response can be 

predicted from published information. Estimates of exposure and toxicological response are 

presented in Sections. 4 and 5 and used to provide quantitative estimates of risk. The selected 

species, also referred to as "receptors" of the contamination, are considered indicators of 

ecological risks to other species in the· same functional group. Further explanation of the 

selection of measurement endpoint species is available in the Field Sampling Plan 

(E & E 1994b). 

Table 2-2 lists the twelve species selected as measurement endpoints, along with aquatic 

invertebrates, and briefly describes each endpoint's relevance to the assessment endpoints, 

responsiveness and diagnostic attributes, and ease of measurement. Table 2-3 relates each 

species to the locations where the species may be exposed to mercury and to an assessment 

endpoint functional group. 
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2.5 Conceptual Site Model 

A conceptual moael was developed to describe the potential effects of mercury on 

ecosystems and species of concern at the site. Figure 2-4 illustrates the conceptual model, 

including the sources of mercury, transport ~echanisms and receiving media, and potential 

exposure pathways and receptors. Figure 2-5 presents the conceptual model in pictorial form. 

Based on the conceptual model, investigations were designed and conducted to address 

the following questions: 

• What is the form of mercury in sediments and biota at the site? 

• What organisms are at risk of mercury exposure and toxic effects? 

• How do these risks vary spatially? 

• How does mercury enter the food chain in Lahontan Reservoir? 

To focus the investigations, a working hypothesis for each ofthes~ questions was 

developed using information available in 1993 and 1994 . 

Question (1): What is the form of mercury in sediments and biota? 

Working Hypothesis (1): In contrast to many mercury-contaminated ~quatic systems, a 

relatively small fraction of the mercury in the Carson River system was expected to be methyl

ated, lessening risks to fish and wildlife at the site. 

• Previous studies at the site indicated that mercury levels in the food chain were 
lower than would be predicted based on studies of other mercury-contaminated 
ecosystems in North America, such as the Great Lakes. The reasons for this were 
not understood but could be related to a variety of factors. In addition, studies of 
mercury bioaccumulation in most other geographic areas have shown that 
methylmercury is the predominant form of mercury in the tissues of fish and 
piscivorous (fish-eating) predators. However, it was not knowp if this would be the 
case at the Carson River; forms of mercury in sediment, water, or biota had not been 
previously measured. Therefore, these investigations measured the chemical forms 
of mercury in environmental media and biological tissues and attempted to relate 
mercury methylation, uptake, and biomagnification to environmental factors such as 
pH, temperature, and flow conditions, that might explain the relatively low level of 
mercury uptake in the food chain . 
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Question (2): What organisms are at risk of mercury exposure and toxic effects? 

Working Hypothesis (2): While predators at the top of the aquatic food chain were expected to 

be at greatest risk, risks to other aquatic receptors lower in the food chain and/or risks to 

terrestrial receptors could also be significant. 

• Mercury is most likely to harm organisms at the top of the aquatic food chain 
because they are exposed to the highest levels and the most toxic forms of mercury 
through ingestion of contaminated prey. This pattern was expected at the Carson 
River site. However, risks to fish, benthic life, and other organisms were also 
expected because of their direct exposure to high levels of mercury in surface water, 
sediment, and soil. Therefore, information was gathered to evaluate risks to a 
variety of potential receptors at the site. 

Question (3): How do risks vary spatially? 

Working Hypothesis (3): Mercury risks were expected to be greatest for organisms in Lahontan 

Reservoir and areas farther downstream, rather than in upstream portions of the Carson River. 

• Ecological risks of mercury were expected to be highest in Lahontan Reservoir and 
areas farther downstream because both the concentrations of mercury and the 
environmental conditions that affect the transformation of mercury to bioavailable 
forms were expected to increase in a downstream direction. Mercury concentrations 
were known to be higher in Lahontan Reservoir sediments than in upstream sedi
ments, and anaerobic lake and mudflat sediments have been found to be relatively 
active sites of mercury methylation at other sites. Furthermore, the Lahontan 
Reservoir ecosystem supports large populations of several trophic levels of fish and 
fish-eating wildlife, resulting in greater opportunities for mercury biomagnification 
and exposure compared with locations upstream. Therefore, the investigations 
focused on examination of mercury loading, uptake, and biomagnification in 
Lahontan Reservoir. Upstream areas were also investigated to evaluate the hypoth
esis that risks are greater downstream. 

Question (4): How does mercury enter the food chain in Lahontan Reservoir? 

Working Hypothesis (4): Sources of mercury at Lahontan Reservoir include advective inflow 

from upriver and within-reservoir flux from sedime,nt to surface water. As a result of the inflow 

and deposition of inorganic mercury from the river, followed by the production of 

methylmercury in reservoir sediments (see #3, above), the within-reservoir production was 

expected to be the principal source of methylmercury entering the food chain. 

• Particle-bound mercury was known to be mobilized from river channel sediments 
and bank deposits during high flow periods and carried downstream in the Carson 
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River. The degree of methylmercury production in the river was unknown, but it 
was not expected to be high because aerobic conditions prevail over much of the 
year in a flowing water system. Particulate mercury deposited to sediments of 
Lahontan Reservoir could be subject to methylation and uptake by benthic life or 
release to surface water. Therefore, investigations were conducted to evaluate the 
loading of different forms of mercury (particulate, dissolved, inorganic mercury, 
methylmercury, etc.) to the reservoir from the Carson River at various flow periods 
and intensities, and to compare this loading to estimates of methylmercury produc
tion within the reservoir. Uptake of mercury by organisms at the base of the food 
chain within the reservoir was also investigated by comparing seasonal trends of 
mercury in surface water to seasonal trends of mercury in zooplankton . 
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Functional Group 
(Representative Species) 

Birds 

Ptsctvorous Waterbirds 
(Double-crested cormorant) 

Wading btrds (Great blue 
heron) 

Shorebtrds (Amencan 
avocet) 

• 3490_04700-12/01197-DI 
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Table 2-1 

ASSESSMENT ENDPOINT SPECIES FOR THE CARSON RIVER SITE 

Ecological Regulatory or Social 
Relevance Significance Susceptibility to Mercury 

Top avian predators m open- Federally protected under the Exposure through 
water aquatic food cham. Mtgratory Bud Treaty Act. consumption of contammated 
Important breeding colonies The Amencan white pehcan food items, pnmanly fish. 
of some spectes occur on Gull is a state-protected spec1es. Also, may mgest 
Island. contaminated sediment and 

surface water. 

Top avian predators in Federally protected under the Exposure through 
riverine and shallow-water Migratory Bird Treaty Act. consumption of contaminated 
food chams. The least bittern IS a state· food 1tems. Also, may mgest 

protected species. contaminated sedtment and 
surface water 

Important avtan consumers of Federally protected under the Exposure through 
aquatic invertebrates m marsh Migratory Bird Treaty Act. consumption of contaminated 
and mudflat habitats. The whtte-faced tbis IS a food items. Also, may ingest 

state-protected species. contaminated sediment and 
surface water. 

- -·-·-----··-·-·---

• 
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Measurability or 
Predictability 

Mercury levels tn blood and 
feathers were measured and 
can be compared to 
published residue-effects 
levels. Levels of mercury m 
sediment, surface water, and 
primary food 1tems (fish) 
were measured and can be 
related to toxicity 
benchmarks derived from 
literature. 

Levels of mercury m 
sedtment, surface water and 
pnmary food items (fish and 
crayfish) were measured and 
can be related to toxicity 
benchmarks derived from 
literature. 

Levels of mercury tn 
sediment, surface water and 
primary food item (aquahc 
mvertebrates) were measured 
and can be related to toxtcity 
benchmarks denved from 
literature 
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Functional Group 
(Representative Species) 

Raptors (Osprey, Red-tailed 
hawk) 

Songbirds (Bank swallow) 

Mammals 

Carmvore (Coyote, Mink) 
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Table 2-l 

ASSESSMENT ENDPOINT SPECIES FOR THE CARSON RIVER SITE 

Ecological Regulatory or Social 
Relevance Significance Susceptibility to Mercury 

Top avian predators in The bald eagle and golden Exposure through 
aquatic and terrestrial food eagle are protected by the consumption of contaminated 
chains. Bald Eagle ProtectiOn Act, food items. May also ingest 

and the bald eagle is a contaminated sed1ment, soil, 
federally and state-listed and surface water. 
species. All spectes are 
protected under the Migratory 
Bird Treaty Act. 

Common breedmg wtldllfe in Protected under the Migratory Exposure through 
ripanan habitats. Bird Treaty Act. Considered consumption of contaminated 

to be of recreational and food, so1l, sed1ment, and 
aesthetic importance. water. 

Top predators m terrestnal Of recreational and aesthetic Exposure through 
and aquatic food chams. importance (fur-bearers/game consumption of contammated 

an1mals). food items. May also ingest 
contammated sml, sediment, 
and water. 

--
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Measurability or 
Predictability 

Levels of mercury in 
sed1ment, so11, surface water, 
and primary food items (fish 
and hzards) were measured 
and can be related to toxicity 
benchmarks derived from 
literature. 

Mercury levels m blood, 
feathers, and hver were 
measured and can be 
compared to published 
residue-effect levels. Levels 
of mercury in soil, sedtment, 
water and food 
(invertebrates) were 
measured and can be related 
to toxicity benchmarks 
denved from the literature. 

Levels of mercury in soli, 
sed1ment, water and food 
(fish and lizards) were 
measured and can be related 
to tolocity benchmarks 
derived from the literature. 
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Functional Group 
(Representative Species) 

Fish 

Forage Fish (Carp, Tahoe 
sucker, Sacramento 
blackfish) 

Predatory Fish (Walleye) 

• 3490_D4700-12101197-DI 

Table 2-1 

ASSESSMENT ENDPOINT SPECIES FOR THE CARSON RIVER SITE 

Ecological Regulatory or Social 
Relevance Significance Susceptibility to Mercury 

Consumer of aquatic Of recreational importance Exposure through 
invertebrates and plants. (game fish) in the state- consumption of contammated 
Important food 1tem for managed warmwater fishery. food. Also, exposed to 
p1scivorous wildlife contammated water and 

sediment through direct 
contact, absorptiOn, and 
mc1dental mgestion. 

Top predators in the aquatic Of recreational and Exposure through 
food chain. Important food commercial Importance consumption of contammated 
1tem for p1scivorous w1ldhfe. (game fish) in the state- food. Also, exposed to 

managed warmwater fishery. contammated water and 
sediment through direct 
contact, absorption, and 
mc1dental mgestion. 

• 
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Measurability or 
Predictability 

Mercury levels in t1ssue 
(whole-body) were measured 
and can be compared to 
published res1due-effect 
levels. Levels of mercury in 
water were measured and can 
be related to toxicity 
benchmarks derived from 
literature or regulatory 
criteria. Fish stress 
assessment results can be 
used to determme overall 
health and v1gor of affected 
populations 

Mercury levels in t1ssue 
(whole-body) were measured 
and can be compared to 
published residue-effect 
levels. Levels of mercury m 
water were measured and can 
be related to toxicity 
benchmarks derived from 
literature or regulatory 
critena. F1sh stress 
assessment results can be 
used to determine overall 
health and v1gor of affected 
populations . 
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Functional Group 

(Representative Species) 

Invertebrates 

Aquat1c Invertebrates 
(Benthic and water column 
mvertebrates and 
macroinvertebrates) 
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Table 2-1 

ASSESSMENT ENDPOINT SPECIES FOR THE CARSON RIVER SITE 

Ecological Regulatory or Social 
Relevance Significance Susceptibility to Mercury 

' 
Base of the aquatic food Water and sediment quahty Sensitive indicators of surface 
cham. cnteria are frequently based water of sediment 

on toxictty testing of aquat1c contammat1on. 
invertebrates. 

-

• 
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Measurability or 
Predictability 

Raptd bioassessment survey 
results indicate the dtverslty 
of species and the general 
cond1tton of stream/water 
quality. Levels of mercury 
m sed1ment and surface 
water were measured and can 
be related to tox1ctty 
benchmarks denved from the 
literature or regulatory 
cnteria. 
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Measurement Endpoint 
Species 

Double-crested cormorant 

Great blue heron 

American avocet 

Osprey 

Red-tailed hawk 

Bank swallow 

Coyote 
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Table 2-2 

MEASUREMENT ENDPOINT SPECffiS FOR THE CARSON RIVER SITE 

Relevance to Responsiveness and Ease of 
Assessment Endpoints Diagnostic Attributes Measurement 

Common piscivorous waterbird Feeds primarily on fish of varying Mercury levels in blood and feather 
known to nest on Gull Island and feed sizes. samples were measured from 
in Lahontan Reservoir. unfledged juveniles. Can pred1ct 

dietary intake from measured fish 
tissue concentrations. 

-
Common heron observed feedmg Feeds primanly on small fish. Also Can predict dietary mtake from 
along the Carson River. includes invertebrates and amphibians measured fish tissue and crayfish 

in diet. concentrations. Published exposure 
factors are available m EPA 1993. 

Common shorebird observed feeding Insectivore that feeds mainly on Dietary intake can be predicted from 
in the Lahontan Reservoir mudflats benthic invertebrates. Can ingest the measured mercury levels in 
and shallow water. sediment and water dunng its probmg benthic invertebrates, sediment, and 

and sweepin~ feeding habits. water. 

Common raptor observed feeding Feeds primanly on fish. Can predict dietary intake from 
along the Carson River and around measured fish tissue concentrations. 
Lahontan Reservoir. Published exposure factors are 

available in EPA 1993. 

Common raptor observed in the Feeds on rodents, lizards, crayfish, Can predict dietary intake from 
upland/canyon areas of the CRMS and small fish. measured lizard, crayfish, and fish 
study area. tissue concentrations. Published 

exposure factors are available in EPA 
1993. 

Common songbird observed nesting Feeds pnmarily on emerging aquattc Mercury levels in blood, feather, and 
and feeding in Lahontan Reservoir insects. hver samples were measured from 
and Carson Rtver. juveniles. Can predict dietary intake 

from measured mercury levels in 
macroinvertebrates. 

Common carnivorous mammal Feeds on rodents, lizards, young birds, Can predict dtetary mtake from 
observed throughout the CRMS study and carnon. measured lizard tissue concentrations. 
area. 

-----------

• • 
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Table 2-2 

MEASUREMENT ENDPOINT SPECIES FOR THE CARSON RIVER SITE 

Measurement Endpoint Relevance to Responsiveness and Ease of 
Species Assessment Endpoints Dia2nostic Attributes Measurement 

Mink Common piscivorous mammal found Feeds primanly on fish. Can predict dietary intake from 
along the Carson River and around measured fish t1ssue concentrations 
Lahontan Reservmr. 

Carp, Tahoe sucker, and Sacramento Common forage fish species found in Feed on aquatic plants, zooplankton, Mercury levels m whole-body 
black fish Carson R1ver (Carp and sucker), and and aquatic invertebrates. samples were measured. FISh stress 

Lahontan Reservoir (carp and b10indicators were measured to 
blackfish). determme physiological effects. 

Walleye Common predatory fish found m Feeds pnmarily on smaller fish. I Mercury levels in whole-body 
Lahontan Reservoir. samples were measured. Fish stress 

biomd1cators were measured to 
-

detenrune physiOlogical effects. 

Benthic and water column Representative commumties of aquatic Water and sediment quality criteria are Measured mercury levels in samples 
invertebrates and macroinvertebrates invertebrates. frequently based on tox1c1ty testing of of m1dges and cadd1sflies. 

sens1t1ve aquatic invertebrate species. Conducted rapid bioassessment 
surveys to assess stream quality and 
diversity of benthic hfe. 
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LOCATIONS OF ECOLOGICAL ENDPOINT SPECIES 
AT THE CARSON RIVER SITE 

Locations 

Assessment Endpoint Carson Riverine Terrestri~l Reservoir 
Functional Groups Habitats8 Habitats Habitats.: 

I Birds 

P1scivorous waterbirds - - Double-crested 
connorant 

Wading birds Great blue heron - -

Shoreb1rds - - American avocet 

Raptors Osprey Red-tailed hawk Osprey 

Songbirds Bank swallow - Bank swallow 

Mammals • 
Carnivore Mink Coyote Mink' 

Fish 

Forage Carpffahoe sucker - Carp/Sacramento 
blackfish 

Predator - - Walleye 

Invertebrates 

Aquatic Invertebrates Benthic - Benthic and water 
macromvertebrate column invertebrate 
commumty communities 

a 
Sampling locations include Ruhenstroth Dam, Santiago Rums, Dayton State Park, and Fort Churchill (see F1gure 
2-2). 

b 
Samphng locations include Ruhenstroth Dam, Santiago Ruins, and Six Mile Canyon. 

c 
Sampling locations mclude Lahontan ReservOir (south, m1ddle, and north basins), Pyramid Lake, Rye Patch 
Reservoir, and Ch1mney Reservoir. 

• 
2-20 
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3 Investigation Methods and Results 

This section describes the nature and extent of mercury contamination in aquatic and 

terrestrial ecosystems at the Carson River Mercury Site (the "site"). Section 3.1 describes the 

investigation areas, sample collection methods, and sample processing and analysis methods. 

Section 3.2 provides an evaluation of the quality ofthe analytical data. In seven subsections, 

Section 3.3 describes the nature and extent of mercury contamination in surface water, sediment, 

and the tissues of zooplankton, benthic invertebrates, fish, birds, and lizards. Complete 

analytical results are presented in tabular form in Appendix D . 

3.1 Data Collection 

The following three subsections describe the investigation areas, sample collection 

methods, and sample processing and analysis methods. Descriptions of investigation areas and 

methods are brief; for greater detail, see the Ecological Assessment Field Sampling Plan (FSP) 

(E & E 1994b) and other indicated references. Drought conditions at the time of sampling, and 

the lack of target species at some locations, resulted in deviations from the FSP .in locations 

sampled and number of samples collected. The deviations do not, however, affect the outcome 

of the risk assessment or preclude meaningful comparisons between mercury-contaminated and 

background locations. The deviations are summarized in Appendix F. 

The present investigation focused on total mercury and four mercury species: 

methylmercury, ionic mercury, gaseous elemental mercury, and dimethyl mercury. 

Methylmercury is the most toxic mercury form and is known to biomagnify in aquatic food 

webs. Ionic mercury is the inorganic species that is methylated by microbes in aquatic sedi

ments. Gaseous elemental and dimethyl mercury are volatile species and potentially can affect 

the mercury mass balance for a lake or reservoir by volatilizing to the atmosphere. Numerous 

other parameters in water and sediment were measured to support interpretation of the mercury 
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data (see Table 3-1 for listing); the rationale for the measurement of these parameters is provided 

in E & E (1994). 

3.1.1 Investigation Areas 

Samples were collected from ten areas for the ecological assessment: six contaminated 

areas and four background areas (see Figure 2-2). The contaminated areas represent a range of 

river and reservoir habitats that are known from previous investigations to be contaminated with 

mercury. The background areas were upstream from known sources of mercury contamination 

or north of the site in areas not contaminated with mercury. 

Four of the ten areas were located on the Carson River: one background area and three 

contaminated areas near or downstream from the historic mill sites (see Figure 2-2). The 

background area was located at Ruhenstroth Dam near Dresslerville, Nevada, on the river's east 

fork. The area is well upstream from the·historic mill sites near New Empire and Dayton, NV. 

Two contaminated areas, Santiago Ruins and Dayton State Park, were adjacent to or downstream 

from historic mill sites where floodplain soil and active-channel sediment of the Carson River 

are contaminated with mercury. Terrestrial biota near the historic Janin and Express mill sites in 

Six Mile Canyon also were sampled. This sampling area was considered part ofthe Dayton 
-

State Park investigation area because of its proximity. The soil and tailings at this location were 

sampled previously by EPA during the primary-source characterization; the site was designated 

TP007, the Janin and Express mills (EPA 1994). The fourth contaminated area on the Carson 

River was at the United States Geological Survey (USGS) gauge near the Fort Churchill State 

Monument; the area is approximately 15 miles downstream from the historic mill sites near 

Dayton. Three of the ten investigation areas were in Lahontan Reservoir: one in each ofthe 

three main reservoir basins (see Figure 2-2). Finally, three background areas for collection of 

uncontaminated biota were located north ofthe site: Pyramid Lake, Rye Patch Reservoir, and 

Chimney Reservoir (see inset in Figure 2-2). Pyramid Lake was selected as a background 

location for collection of uncontaminated bird tissues, Rye Patch Reservoir for carp and 

Sacramento blackfish, and Chimney Reservoir for walleye. Elevated mercury levels in sediment, 

fish, and birds also have been documented downstream from Lahontan Reservoir (Hallock and 

Hallock 1993), but this assessment is limited to the areas in and upstream from the reservoir. 
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3.1.2 Sample Collection 

Surface Water 

Near-surface grab samples (from 20 em depth) for total mercury, mercury species 

(methyl, ionic, gaseous elemental, and dimethyl), and other parameters (see Table 3-1 for list of 

parameters) were collected from the Carson River and Lahontan Reservoir during drought condi

tions in September 1994 (no flow at Ft. Churchill), moderate flow in February 1995 (460 cfs at 

Ft. Churchill), and high flow in May 1995 (2,000 cfs at Ft. Churchill). In the three basins of 

Lahontan Reservoir, samples were collected from both a near-shore and mid-basin location. In 

addition, five locations at inflow and outflow channels for the three main reservoir basins 

(Weeks Bridge and/or the south basin delta, Fisherman's Point, The Narrows, Truckee Canal 

inflow, and Lahontan Dam outflow) also were sampled for mercury and other parameters. Our 

intention was ~o collect surface water at each of the above-mentioned locations during each 

sampling trip. However, dry conditions precluded sampling some locations on certain dates (see 

Appendix F for a summary of sampling locations and dates). The background reservoirs 

(Chimney Reservoir, Rye Patch Reservoir, and Pyramid Lake) were sampled once for mercury 

and other parameters in August or September 1994. For mercury samples, trace-metal clean 
' 

technique was followed during all phases of sample collection, transport, and analysis (Fitzger-

ald and Watras 1989, Watras et al. 1995). Field collection techniques for other parameters are 

summarized in E & E ( 1994b ). 

Sediment and Sediment-Porewater 

'Sediment was collected from near-shore and mid-basin sites in the three basins of 

Lahontan Reservoir during drought conditions in September 1994, moderate flow in February 

1995, and high flow in May 1995. Sediment was collected from pools in the Carson River and 

from near-shore sites at the background reservoirs (Chimney Reservoir, Rye Patch Reservoir, 

and Pyramid Lake) only in August or September 1994, not in February or May 1995. Surficial 

sediment (0 to 10 em depth) was collected and analyzed for total mercury, mercury species 

(methyl, ionic, gaseous elements, and dimethyl), and other parameters. At Carson River pools 

and reservoir near-shore locations, sediment was collected directly in sample jars while wading 

by using the jar as a scoop. At mid-basin locations in Lahontan Reservoir, sediment was 

collected with an Ekman Dredge. The dredge was lowered slowly to prevent penetration of the 
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entire dredge below the sediment/water interface. After retrieval, the top of the dredge was 

opened and the sediment was collected by using the sample jar as a scoop, or by using stainless

steel spoons to transfer surficial sediment to the sample jars. Further details on collection and 

handling of sediment samples are given in E & E ( 1994b ). 

Zooplankton 

Zooplankton samples for mercury analysis were collected from Lahontan Reservoir and 

Pyramid Lake with nonmetallic zooplankton nets (300-micron mesh size). In Lahontan 

Reservoir, separate samples were collected from the north, middle, and south basins by making 

multiple vertical tows at a point near the center of each basin. After each vertical tow, the net's 

contents were backwashed with reservoir surface water into a mercury-free teflon jar using trace

metal clean technique (Fitzgerald and Watras 1989; Watras and Bloom 1992). After four or five 

tows were com posited in a jar, the jar was tightly sealed, inserted in a clean zip-locked plastic 

bag, and placed in a cooler with ice for overnight shipment to the laboratory. The north basin of 

Lahontan Reservoir was sampled during each of the three sampling trips: September 1994, 

February 1995, and May 1995. Dry conditions precluded collecting zooplankton from the 

middle basin in September 1994, and from the south basin in September 1994 and February 

1995. A single zooplankton sample was collected from the littoral zone of Pyramid Lake in 

September 1994 by making a long horizontal tow in water approximately 1 meter (m) deep while 

wading. 

Benthic Macroinvertebrates 

Crayfish for mercury analysis were collected from the three mercury-contaminated 

Carson River investigation areas (Sant_iago Ruins, Dayton State Park, and Fort Churchill) and 

river background area at Ruhenstroth Dam in August and/or September 1994. The crayfish were 

collected with kick nets, by electroshocking, or by hand. The crayfish were wrapped in 

aluminum foil, doubled-bagged in zip-locked plastic bags, and frozen. 

Caddisfly (family Hydropsychidae) larvae for mercury analysis were collected from two 

mercury-contaminated Carson River investigation areas (Santiago Ruins and Fort Churchill) and 

the river background area at Ruhenstroth Dam in August 1994 with kick nets or by hand. 

Caddisfly larvae were not collected from the Dayton State Park investigation area because riffles 

were dry at this location as a result of drought conditions. Larvae were removed from nets with 

stainless-steel forceps, com posited in mercury-clean glass jars, double-bagged in zip-locked 

plastic bags, and frozen. Three composite samples were collected from each area. At areas 
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where caddisfly larvae were collected for mercury analysis, the macroinvertebrate community 

was surveyed following the rapid bioassessment protocols, as described by EPA ( 1989c) and 

Appendix C. 

Midge (family Chironomidae) larvae for mercury analysis were collected from the three 

basins of Lahontan Reservoir and a background location, Chimney Reservoir, in August and/or 

September 1994 with kick nets. The larvae were removed from the net with stainless-steel 

forceps, com posited in mercury-clean glass jars with several milliliters (mL) of reservoir water, 

double-bagged in zip-locked plastic bags, and frozen. Three composite samples were collected 

at each sampling location. 

Fish 

Fish for mercury analysis were collected by gill netting, seining, and electroshocking. 

Walleye (Stizostedion vitreum), Sacramento blackfish (Orthodon microlepiclotus), and carp 

(Cyprinus carpio) were collected from Lahontan Reservoir. For comparison with Lahontan 

Reservoir fish, carp and Sacramento blackfish were collected from Rye Patch Reservoir,,and 

walleye were collected from Chimney Reservoir. Tahoe suckers (Catostomus tahoensis) and 

carp were collected from the three mercury-contaminated Carson River investigation areas 

(Santiago Ruins, Dayton State Park, and Fort Churchill), and green sunfish (Lepomis cyanellus) 

were collected from two of the areas (Santiago Ruins and Fort Churchill). Tahoe and mountain 

suckers (Catostomus p/atyrhynchus) were collected from the river background area at 

Ruhenstroth Dam to compare with suckers from downstream. Carp and green sunfish were not 

present in the river near Ruhenstroth Dam. 

The fish were collected in August 1994, except for I 0 adult walleye that were collected 

during spawning in March 1994 from the north basin of Lahontan Reservoir at the Truckee Canal 

inflow. After collection, the fish were weighed, measured, examined for external abnormalities, 

wrapped in aluminum foil, doubled-bagged in clean plastic bags, and frozen. When available, 

additional fish of each species from each sampling location were collected, weighed, and 

examined for both external and internal abnormalities (see Appendix B). 

Birds 

Between June 21 and 30, 1994, fledgling bank swallows (Riparia riparia) were 

collected with mist nets from active colonies at the middle basin of Lahontan Reservoir and 

Ruhenstroth Dam background location. Young birds were sampled because their mercury 

residues reflect the local environment where they were raised, whereas residues in the migratory 

02 ZSJ490_D4700-02/16/98-DI 3-5 



adults may reflect exposure at multiple locations. Eight fledgling swallows were collected from 

the reservoir, and 10 from Ruhenstroth Dam. Blood was withdrawn from the jugular vein of the 

birds with a 1-mi.: tuberculin syringe with a 27-gauge stainless-steel needle. The blood sample 

was transferred to a mercury-clean 5-mL teflon vial, double-bagged in zip-locked plastic bags, 

and frozen. To prevent blood clotting during collection, the needle and barrel of each syringe 

were rinsed with sodium heparin solution prior to use. Procedural blanks consisted of approxi

mately 1 mL of low-mercury potassium chloride (KCl) solution transferred to an mercury-clean 

teflon vial in the field; heparin solution also was used for the blanks. After blood was taken from 

the swallows, they were euthanized, wrapped in aluminum foil, doubled-bagged in zip-locked 

plastic bags, and frozen. Feathers and livers were removed from the birds at the laboratory. 

Blood and feather samples were collected from unfledged double-crested cormorants 

(Phalacrocorax auritus) at Gull Island in the north basin of Lahontan Reservoir on June 29, 

1994, and at Anaho Island in Pyramid Lake on July 20, 1994. Young birds were sampled 

because their mercury residues reflect the local environment where they were raised, whereas 
I 

residues in the migratory adults may reflect exposure at multiple locations. Seven unfledged 

cormorants were sampled at Gull Island and eight at Anaho Island. Blood was withdrawn from 

the brachial vein.ofthe cormorants using equipment and procedures as described for swallow 

blood sampling, except that the intent was not to sacrifice the birds. However, three cormorants 

from Gull Island died from heat stress during sampling; blood was drawn from the hearts of the 

dead birds. After blood sampling, primary feathers were clipped from each cormorant, wrapped 

in aluminum foil, double-bagged in zip-locked plastic bags, and frozen. 

Lizards 

Between August 7 and 17, 1994, western fence lizards (Sceloporus occidentalis) were 

collected from two mercury-contaminated areas, Santiago Ruins and Six Mile Canyon, and from 

the Carson River background area at Ruhenstroth Dam. Eight lizards were collected from each 

area by slipping a noose of nylon monofilament fishing line around the lizard. The lizards were 

transferred from the noose to a zip-locked plastic bag and euthanized by placing them in a cooler 

with dry ice. Euthanized lizards were weighed, measured, wrapped in aluminum foil, doubled

bagged in zip-locked plastic bags, and frozen. 
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3.1.3 Sample Processing and Analysis 

Surface Water 

Total mercury and mercury species (ionic, methyl, dimethyl, and gaseous elemental) 

were determined by the methods of Bloom (1989) with modifications described by Liang et al. 

( 1994a) and Watras et al. ( 1995); a brief summary follows. Volatile mercury species (gaseous 

elemental and dimethyl) were determined by direct purge and analysis procedures on fresh 

untreated samples. Total, methyl, and ionic mercury were determined on unfiltered and filtered 

aliquots of each sample. Filtration took place within 24 hours of sample arrival at the laboratory 

using acid-cleaned, 0.2 micrometer (JJ.m) pore-size, disposable, nitrocellulose filtering units. The 

particulate fraction of total, methyl, and ionic mercury was calculated as the differency between 

unfiltered and filtered results. For total mercury in unfiltered and filtered aliquots, I 00 mL of 

sample was first wet-oxidized with bromine chloride (BrCl), prereduced with hydroxylamine 

hydrochloride (NH20HIHCI), further reduced with stannous chloride (SnCI2), and purged from 

solution with nitrogen (N2) into gold traps. The trapped mercury was thermally desorbed into 

inert carrier gas for detection by cold vapor atomic fluorescence spectroscopy (CV AFS). Methyl 

and ionic mercury in unfiltered and filtered aliquots were determined by aqueous-phase 

ethylation followed by purging of the volatile ethylated mercury analogs onto carbotrap, 

separation by isothermal gas chromatography (GC), and detection by cold vapor atomic 

fluor~scence spectroscopy (CVAFS).' The analytical methods used for analysis of other surface 

water parameters are summarized in Table 3-1. 

Sediment and Sediment Porewater 

Processing of sediment samples was done in the laboratory in a glove box under an inert 

nitrogen atmosphere to prevent oxidation of reduced chemical species such as sulfide that affect 

mercury speciation. Volatile mercury species (gaseous elemental and dimethyl) were deter

mined by direct purge and analysis procedures on the fresh untreated samples. To obtain 

porewater, an aliquot of each bulk sediment sample was vacuum filtered through an acid-cleaned 

0.2 Jlm pore size disposable nitrocellulous filtering unit. A second aliquot of each sample was 

wet sieved through 2 mm and 62.5 JJ.m stainless-steel sieves to obtain coarse (2mm to 62.5 JJ.m) 

and fine ( < 62.5 JJ.m) sediment fractions. Total, methyl, and ionic mercury were measured on the 

bulk sediment samples and on porewater from the samples. Only total mercury was measured in 

the coarse and fine sediment fractions. Bulk sediment and sediment fractions were digested or 

leached prior to analysis with nitric acid (HN03)/sulfuric acid (H2S04)/BrCI for total mercury, 
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potassium hydroxide (KOH)/methanol for methylmercury, and potassium chloride (KCI) for 

ionic mercury. Total, methyl, and ionic mercury in sediment digests and porewater were deter

mined by methods analogous to those described above for surface water. The analytical methods 

used for analysis of other sediment parameters are summarized in Table 3-1. 

Biota 

Processing of biota samples was conducted in a class- I 00, low-mercury clean room or 

clean hood using talc-free gloves and acid-cleaned, mercury-free equipment. Atmospheric 

mercury levels in the clean room were less than 20 nanograms (ng) mercury/m
3
, and instruments 

were washed between use with deionized water containing less than 1 ng/L mercury. 

Within 24 hours of receipt at the laboratory, zooplankton were separated from water in 

samples by filtration under low vacuum (approximately 50 millimeters mercury) through a 

coarse filter, and immediately digested and analyzed, or frozen in a teflon vial. Caddisfly and 

midge larvae were separated from water in samples by filtration through a plastic screen (100-

micron mesh size), rinsed with low-mercury Milli-Q water to remove dirt particles, and immedi

ately digested and analyzed, or frozen in a teflon vial. The delicate nature of zooplankton, midge 

larvae, and caddisfly larvae made homogenation in a blender unnecessary. 

Fish, crayfish, and lizards were thawed and individually homogenized using a range of 

sizes ofCuisinart blenders, depending on the size of the animal. Very large fish were first 

chopped with stainless-steel knives on an acid-cleaned polyethylene board to obtain pieces small 

enough to blend. A sample of muscle tissue was removed from larger fish prior to whole-animal 

homogenation and homogenized separately for analysis. Homogenized samples were placed in 

clean glass jars with Teflon-lined caps and re-frozen until aliquoting for digestion. 

Small feathers were removed from swallow carcasses from the breast and under the 

wings, and the carcasses were then dissected to remove the livers. The livers were placed in 

Teflon vials and re-frozen until analysis. Feathers were washed with low-mercury de-ionized 
I 

water and oven dried at soo centigrade (C). After drying, the feathers were allowed to equili

brate with atmospheric moisture in a class-1 00 clean air station. The large cormorant feathers 

were washed and dried in a manner similar to the swallow feathers. After equilibration of 

moisture content, the cormorant feathers in each sample were cut into small pieces (excluding 

the heavy bottom portion of the shaft) with stainless-steel scissors and homogenized in a glass 

jar with a Teflon-lined cap. The bird blood samples ~id not require special processing prior to 

chemical digestion. 
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Total mercury and mercury species (methyl and ionic) in biota samples were determined 

by the methods of Bloom ( 1989; 1992) as modified by Liang et al. ( 1994a). In brief, total 

mercury was determined by hot HN031H2S04/BrCI digestion, SnCI2 reduction, purging onto 

gold, and detection by cold vapor atomic fluorescence spectroscopy (CV AFS). Methyl and ionic 

mercury were determined by KOH/methanol digestion, aqueous-phase ethylation, isothermal gas 

chromatography (GC) separation, and detection by CVAFS. 

Methyl and ionic mercury were measured on all lizard, crayfish, midge, caddisfly, 

zooplankton, and bird blood samples, and the sum of the two mercury species was used as an 

estimate of total mercury. To reduce analytical cost, methyl and ionic mercury were measured 
\. 

on only 30% of fish, bird feather, and swallow liver samples, and total mercury was measured on 

the remaining 70% of the samples. Elemental mercury, which is known to occur in sediment 

solids of the Carson River and Lahontan Reservoir (Lechler et al. 1995), was not measured in the 

biota samples. Total selenium (Se) was measured on subsamples of swallow liver by hydride 

generation (Liang et al. 1994b ). 

3.2 Data Quality Evaluation 

This section discusses the quality of the analytical data collected during the ecological 

investigations, particularly for use in risk assessment. Nearly all data collected were useable for 

the risk assessment; minor exceptions are noted below. 

3.2.1 Data Validation 

Data validation was performed by the Quality Assurance Management Section (QAMS) 

of EPA Region 9. Validation reports were reviewed for adequacy byE & E and found to be 

acceptable. When a discrepancy was noted between the hard copy of the analytical results found 

in the validation reports and 'the electronic copy supplied to E & E, the electronic copy was 

corrected by E & E. 

3.2.2 Quantitation Limits 

Target quantitation limits (TQLs) were selected that were less than the expected analyte 

concentrations in the water, sediment, and biota collected for the assessment. For mercury, the 
I 

TQLs were less than levels of total mercury and mercury species expected at the background 

• locations. The laboratory's average detection limits for mercury were less than the TQLs and 

were: 
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(i) 0.09 ng!L for total mercury, 0.02 ng!L for methylmercury, 0.06 ng/L for ionic mercury, 0.06 

ng/L for gaseous elemental mercury, and 0.001 ng!L for dimethylmercury in water; (ii) 0.15 ng/g 

for total Hg, 0.02 ng/g for methylmercury, 0.02 ng/g for ionic mercury, 0.002 ng/g for gaseous 

elemental mercury, and 0.0001 ng/g for dimethylmercury in sediment; and (iii) 0.001 f,1g/g wet 

weight for total mercury and 0.0005 f,1g/g wet weight for methylmercury in biological tissues. 

Methylmercury and dimethylmercury concentration data are reported "as mercury" throughout 

this document. For the other parameters, the TQLs were less than typical levels in the Carson 

River system reported by other investigators (e.g. Cooper et al. 1985). Analytical methods were 

then chosen that could attain the TQLs. The TQLs are presented in the FSP and Quality 

Assurance Project Plan (QAPjP) for the ecological assessment (E & E 1994b, 1994c). The 

analytical work was performed by several contract laboratories. Total mercury and mercury 

species in water, sediment, and biota; total suspended solids (TSS) in water; and selenium in 

swallow liver were measured by Frontier Geosciences, Inc., of Seattle, Washington. Most other 

water and sediment parameters (see listing in Table 3-1) were performed by the EPA Region 9 

Laboratory in Richmond, California. E & E's Analytical Service Center in Lancaster, New York, 

determined acid volatile sulfide in sediment and percent lipids in fish. With the exception of 

nitrate and ammonia in surface water and acid volatile sulfide (AVS) in sediment,.the laborat

ories' method detection limits (MDLs) were less than or equal to the TQLs and/or less than 

analyte levels in the samples. 

3.2.3 Quality Control (QC) Samples 

Mercury 

To insure data quality, several types of quality control (QC) samples were routinely 

analyzed with each batch of samples (see Table 3-2). The analysis of certified reference 

materials, matrix spikes, and duplicate samples typically were within acceptable limits (i.e. 

accuracy 75 to 125%; precision± 25%) as specified in the FSP (E&E 1994b) and QAPjP (E&E 

1994c) for the assessment. However, as with any large data set, there were occasional 

exceedences of estalished QC guidelines. Analytical results considered as "estimates" because of 

QC shortcomings are identified and used in this report as described in Section 3.2.4. 

Mercury levels in field and filtration blanks for surface water were insignificant 

compared with sample concentrations. For example, total mercury levels_ in surface water blanks 

typically were less than 0.5 ng/L; the blank results are included in Appendix D (see Tables D 15 

to 017). Levels oftotal and methylmercury in the procedural blanks taken during-bird blood 
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sampling (see Section 3 .1.2 for description of procedure) were less than 1% ofthe lowest sample 

concentrations. 

Other Parameters 

The accuracy and precision of the analyses for the other parameters measured as part of 

this study (see Table 3-1 for listing) also were typically within acceptable limits as specified in 

the FSP (E&E 1994b) and QAPjP (E&E 1994c). Analytical results considered as estimated 

values because of QC shortcomings are identified and used in this report as described in Section 

3.2.4. Levels of surface water analytes in field blanks typically were insignificant compared 

with sample concentrations. Results of the blank analyses are included in Appendix D along 

with the other analytical results. 

3.2.4 Data Usability and Data Qualifiers 

The usability of the data for risk assessment was determined using established EPA 

guidelines (EPA 1992b ). Any limitations on the use of an analytical result are denoted by 

assigning a qualifier to the result. The most common qualifiers are briefly discussed below; a 

complete explanation of the qualifiers is presented in Appendix D. 

If a sample result did not meet the quality control (QC) limits for an analysis as defined 

in the FSP (E & E 1994b) and QAPjP (E & E 1994c), the result is described as "estimated" or 

biased and flagged with a "J" in the database. Guidance on data usability for risk ass~ssment 

recommends that estimated values be included in the risk assessment. A large proportion of the 

ionic mercury values were J-flagged (see Appendix D) because no certified standard exists for 

ionic mercury in any media and, thus, the values were considered estimates by QAMS. 

If the chemical analyzed for was not detected in a sample, the laboratory's quantitation 

limit is reported accompanied by a "U" flag to indicate that the chemical was not detected at or 

above the reported concentration. When nondetect (U-flagged) results were used in calculations, 

a value equal to one-half the quantitation limit was used. 

Analytical values rejected in the data validation process (values flagged with .an "R") 

were not used for the ecological risk assessment. Several determinations of acid volatile sulfide 

in sediment are flagged with an "R" (see Appendix D). 

The use of ultraclean methods and the latest and most accurate speciation techniques 

ensured high quality data, particularly for samples with low levels of contamination. However, 

after completion of the data collection effort an artifact in the analytical methods for measuring 

methylmercury in water and sediment was discovered (Bloom et al. 1997). The artifact can 
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result in overestimation of methylmercury in samples containing high concentrations of 

inorganic mercury or in samples with high organic matter content. E & E estimates that the 

artifact contributes no more than a 30% overestimate of methylmercury in the samples collected 

at the site, and is likely less than that for most of the sample data. 

Lastly, the reported mercury concentrations in two biota samples are believed to be 

anomalously high and were excluded from the analyses presented in Sections 3.3 and 3.4: a 

Tahoe sucker from the Ruhenstroth Dam background location and a zooplankton sample from 

the middle basin ofLahontan Reservoir from February 1995. The zooplankton sample contained 

more coarse organic matter than zooplankton. This likely resulted from the sample being 

collected shortly after the basin was inundated; a substantial zooplankton community was not yet 

reestablished and fragments of decaying mudflat vegetation from the previous summer were 

suspended in the water column. The elevated mercury level in the Tahoe sucker from 

Ruhenstroth Dam was not consistent with much lower levels found in five mountain suckers 

from the location and, therefore, was presumed to be an erroneous value. 

3.3 Nature and Extent of Contamination 

This section summarizes the nature and extent of mercury contamination at the site. 

Subsections are included for surface water, sediment, and each major group of biota. Whenever 

possible, patterns of contamination are illustrated graphically; average values of field duplicate 

samples are used in the tables and figures. Appendix D presents complete analytical results in 

tabular form. Appendix E presents the minimum, maximum, average, and other summary 

statistics for mercury concentrations in biota. 

3.3.1 Surface Water 

This section discusses spatial and temporal variation in the concentration of total 

mercury, methylmercury and other mercury species in surface water at the site. First, spatial 

variation is discussed to illustrate the marked differences between background and impacted 

sites. Then, noteworthy aspects of seasonal variation are examined. Spatial and seasonal 

variation for other water quality parameters also are summarized. For reference, the surface 

water mercury data are presented in Tables 3-1 0 to 3-12. 
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3.3.1.1 Spatial Variation in Mercury and General Water Chemistry 

General Water Chemistry 

Water chemistry in the Carson River and Lahontan Reservoir is markedly different 

compared with the majority of water bodies where detailed mercury studies have been con

ducted. Most investigations of mercury contami~ation in aquatic systems have focused on low

pH, low-alkalinity lakes in the eastern or midwestern United States and Canada (see Watras et at. 

1995 and references therein). In contrast, surface water in the Carson River, Lahontan Reservoir, 

and background reservoirs (Pyramid Lake, Chimney Reservoir, Rye Patch Reservoir) have 

neutral-to-high pH, high alkalinity, and high dissolved ion levels (see Table 3-3). The data in 

Table 3-3 show a two- to threefold increase in levels of dissolved ions and nutrients from 

Ruhenstroth Dam downstream to Lahontan Reservoir. The increase likely results from urban 

runoff, irrigation drainwater, and treated sewage entering the river between the two locations 

(Garcia and Carman 1986), and also from evaporative concentration. 

Although not included in Table 3-3, cyanide and Target Analyte List (TAL) metals were 

measured in unfiltered surface water from Ruhenstroth Dam, Fort Churchill, the north basin of 

Lahontan Reservoir, and background reservoirs (see Appendix D for analytical results). The 

data were collected to verify the presence or absence of high levels of contaminants such as 

cyanide, silver, and other trace elements related to mining, irrigation, and/or other sources. 

Cyanide and the metals antimony, beryllium, cadmium, chromium, cobalt, nickel, selenium, 

silver, and thallium typically were not detected in the samples. Other potentially toxic metals, 

such as arsenic, copper, lead, and zinc were regularly detected in the samples, but at concentra

tions generally less than 10 !lg/L. The data suggest that cyanide and heavy metals other 'than 

mercury are not contaminants of ecological concern in surface water at the site or background 

locations. 

Mercury 

Total mercury and mercury species in surface water from the background areas are 

given in Table 3-4. Total mercury in unfiltered surface water ranged from 1.2 ng/L at Pyramid 

Lake to 17 ng/L at Chimney Reservoir. The value of 17 ng/L for Pyramid Lake is largely the 

result of high total suspended solids (TSS); a filtered aliquot of the sample contained only 1.2 

ng!L total mercury (see Table 3-4). Methylmercury as a percent of total mercury ranged from 

0.6 to 2.8%. These percentages are low compared with low-pH, softwater Jakes, where 

methylmercury typically is 10% or more of total mercury in unfiltered samples (Watras et at. 
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I995). The low percentage of methylmercury in the background areas may be related to high pH 

(see Table 3-3), high levels of Group VI anions, or the presence of the mercury in an inert form 

(Chen et al. I996). It is interesting to note that the percentage of methylmercury was higher at 

the riverine background area (Ruhenstroth Dam) compared with the uniformly low percentage of 

methylmercury (<I%) found at reservoir background locations. Gaseous elemental mercury and 

dimethylmercury generally were not detected in surface water from the background areas (see 

Table 3-4). 

Figure 3-I illustrates the spatial extent of mercury contamination in surface water from 

the Carson River and Lahontan Reservoir in May I995. Results for September I994 and 

February I995 are not shown, but the same spatial patterns observed in the May data also are 

evident in the September and February data. In the Carson River, total mercury in unfiltered 

surface water increased by several orders of magnitude from the Ruhenstroth Dam background 

area downstream to Fort Churchill (see Figure 3-IA). This pattern of contamination has been 

observed in previous studies of the river (Richins and Risser I975; Cooper et al. I985; Lechler et 

al. I995) and has been attributed to erosion of mercury-contaminated tailings from the river's bed 

and banks. (Mercuriferous tailings that were deposited over a century ago in the river floodplain 

between Dayton and Fort Churchill still are _visible in the river banks). Between Fort Churchill 

and the south basin of Lahontan Reservoir, total mercury in surface water decreased from 

approximately 3,IOO ng/L to 500 ng/L as a result of settling ofmercury-contaminated particles in 

the south basin; TSS decreased from approximately I 00 to 20 mg/L between the two locations. 

Total mercury in middle-basin surface water was nearly the same as in the south basin, but a 

further reduction was noted in the north basin, most likely as a result of further settling of 

mercury-contaminated particles and/or from dilution with low-mercury water from the Truckee 

Canal. On average, the Truckee Canal inflow to the north basin supplies about 40% of the yearly 

water inflow to the reservoir (Cooper et al. I983). Spatial variation in levels of ionic and 

methylmercury in surface water (see Figures 3-I B and C) were qualitatively similar to that for 

total mercury, although a much greater fraction of methylmercury was found in the dissolved 

phase; this also was observed in the data for the other sampling periods. Only trace amounts of 

dissolved gaseous mercury (<0.02 to O.I9 ng/L) and dimethylmercury (<O.OOOI to 0.009 ng/L) 

were present in surface water from the Carson River and Lahontan Reservoir in May I995 (see 

Table 3-I2). 

Figure 3-2 shows the partitioning of mercury into methyl, ionic, and other forms in 

unfiltered surface water in May I995. The figure illustrates three important features of mercury 

speciation in the Carson River and Lahontan Reservoir. First, methylmercury, the 
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bioaccumulative and most toxic mercury form, was less than I% of total mercury at all locations 

• (range of 0.78% at Ruhenstroth Dam to 0.21% at Fort Churchill). Second, the sum of methyl 

and ionic mercury did not equal total mercury. This indicates that another form of mercury is 

present in surface water from the system. Lechler et al. (1995) believe that tailings rich in 

elemental mercury account for most of the mercury in sediment solids in the river downstream 

from the historic mill sites. Therefore, it is likely that the "other mercury form" in surface water 

(see Figure 3-2) is solid-phase elemental mercury in resuspended tailings particles. The third 

noteworthy feature illustrated in Figure 3-2 is the increase in the percentage of ionic mercury in 

the downstream direction at the expense of the "other mercury form." This change may reflect 

the dissolution of elemental mercury from tailings particles and conversion to ionic form; ionic 

mercury is thought to serve as the substrate for methylation (Porcella 1994). The spatial patterns 

in mercury partitioning observed in May 1995 also were observed in February 1995 and 

September 1994, with the exception that the fraction of ionic mercury did not increase in the 

downstream direction in September 1994 (see Tables 3-10 and 3-11). 

• 

• 

3.3.1.2 Seasonal Variation in Mercury and General Water Chemistry 

General Water Chemistry 

Seasonal variation in major ion and nutrient levels in the Carson River and Lahontan 

Reservoir were largely the result of seasonality in water flow rate. The concentrations of most 

parameters were highest in late summer (September 1994) when the effects of evaporative 

concentration and irrigation return flow were greatest, and lowest in spring (May 1995) as a 

result of dilution with snowmelt from the Sierra Nevada range. This pattern is shown for the 

Fort Churchill location in Table 3-5. In the Carson River, TSS followed a seasonal pattern 

opposite that of most other parameters; it was greatest in May 1995 when high flow velocity 

resuspended more bottom sediment or eroded more bank material (see Table 3-5). It should be 

noted thatTSS was not necessarily lowest during zero-flow conditions. In September 1994, flow 

in the river at Fort Churchill ceased but fish activity in the remaining stagnant pools resuspended 

considerable sediment. 
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Mercury 

Because mercury in surface water from the Carson River and Lahontan Reservoir is 

largely particulate in nature (see Figure 3-1), mercury concentrations vary seasonally in direct 

proportion to TSS. At the four Carson River sampling locations, total mercury concentrations 

were greatest in May 1995 when flow was greatest (see Figure 3-3A). However, the lowest 

levels of mercury were not necessarily observed at the zero-flow conditions encountered in 

September 1994; fish activity in the stagnant pools at Santiago Ruins, Dayton, and Fort Churchill 

resuspended mercury-contaminated sediment and increased total mercury concentration in the 

water column at this time (see Figure 3-3A). Seasonal variation in ionic mercury in unfiltered 

Carson River water was qualitatively similar to that for total mercury (see Figure 3-3B). 

However, at Dayton, the greatest ionic mercury level was observed during the late summer low 

flow period. At three of four Carson River stations, methylmercury in surface water peaked 

during the late summer low flow period, in absolute concentration (see Figure 3-3C) and as a 

percent oftotal mercury (see Figure 3-3D). Conditions for mercury methylation may have been 

more favorable in September 1994 (perhaps as a result of higher temperature and/or greater 

sulfate levels [Winfrey and Rudd 1990]) than in February or May 1995. For the Dayton location, 

the high methylmercury level in September 1994 may reflect the greater availability of substrate, 

ionic mercury, at that time. 

In Lahontan Reservoir, as in the Carson River, total mercury in surface water was high 

when TSS was high. In September 1994 and February 1995, the near-shore location (NS) in the 

south basin was a shallow pool(< 0.5 m deep) in which large carp and other fish were trapped. 

Fish activity in the pool resuspended sediment and resulted in high total mercury in the water 

(see Figure 3-4A). The same situation existed in September 1994 at the middle basin NS 

location, elevating the total mercury level above 2,000 ng!L. After these basins began to fill 

(May 1995 for south basin, February 1995 for middle basin), the fish dispersed into deeper 

water, and total mercury levels near shore decreased. At the mid-basin (MB) location in the 

middle basin, seasonal changes in total mercury paralleled those near shore. The MB location in 

the south basin was sampled only in May 1995 when the basin contained enough water to make 

sampling possible; thus, seasonal variation could not be examined at this location. In the north 

basin, total mercury in surface water was lowest in February 1995 as a result of inflow of low

mercury water from the Truckee Canal; no inflow from the canal occurred in September 1994 or 

May 1995. Seasonal trends in ionic and methylmercury in Lahontan Reservoir paralleled those 

of total mercury (see Figures 3-4B and C). No consistent seasonal pattern was observed for 

methylmercury as a percent of total mercury in unfiltered reservoir water (see Figure 3-4D). 
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Concentrations of dissolved mercury species (operationally defined by 0.2 J.lm filtration) 

• did not covary with those in unfiltered samples. However, the following noteworthy patterns 

were evident in the dissolved sample data. First, dissolved levels of total, ionic, and methyl 

mercury in all Lahontan Reservoir basins were greater in May 1995 (when flow was greatest) 

than in September 1994 and February 1995. This pattern was not evident in the unfiltered 

sample data (see Figure 3-4). Second, in May 1995, dissolved mercury levels in the south and 

middle basins of Lahontan Reservoir were nearly equal to dissolved levels in Carson River 

inflow (as measured at the south basin delta). For example, dissolved total, ionic, and methyl 

mercury were (in ng/L) 44, 26, and 2.4, respectively, in river inflow, and 40, 26, and 1.2, 

respectively, in the south basin in May 1995 (see Table 3-12). Both observations illustrate the 

importance of the Car~on River as a source of dissolved mercury species to Lahontan Reservoir. 

• 

• 

3.3.2 Sediment and Sediment Porewater 

This section discusses spatial variation in the concentration of mercury and other 

parameters in bulk sediment and sediment porewater at the site . 

General Sediment Characteristics 

Sediment from the Carson River and near-shore locations of Lahontan Reservoir and the 

background reservoirs was typical of high-energy aquatic environments: low water content (25 to 

48%) and coarse grain size (typically >50% sand, see Table 3-6). In contrast, sediment from the 

middle of Lahontan Reservoir's north basin was characterized by comparatively higher water 

content (74%) and fine-grained materials (99% clay and silt). Porewater pH in the Carson River 

system was 7.1 to 7.7 in September 1994 and generally was 0.5 to 1.0 pH units lower than 

surface-water pH, perhaps as a result of C02 generated by decomposition of sediment organic 

matter. Major ion (calcium, magnesium, sodium, potassium, sulfate, and chloride) levels in 

porewater increased from the Ruhenstroth Dam background area to Lahontan Reservoir; the 

greatest concentrations typically were observed in the reservoir's south and middle basins (see 

Table 3-6). Major ion levels in porewater typically were I 0 to 1 0~% greater than those in 

surface water (compare Tables 3-3 and 3-6). 

Many factors influence the toxicity of sediment metals to benthic life. Generally, if 

metals are strongly bound to sediment partiCles, bioavailability and toxicity are low, even though 

total metal concentrations may be high. The acid volatile sulfide (A VS) phase in sediment has 

been shown to be important in ameliorating heavy-metal toxicity because it binds strongly with 

several potentially toxic metals, including mercury. The molar ratio of mercury to AVS can be 
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used to predict the bioavailability and toxicity of mercury in sediment. If the molar ratio of 

mercury to AVS is less than one (i.e., if there is less mercury than AVS), the mercury likely is 

bound to AVS and, thus, not bioavailable. Conversely, if the molar ratio is greater than one (i.e., 

if there is more mercury than AVS), some of the mercury may be available and potentially toxic 

to benthic life. A VS is formed in anoxic sediment where the redox potential is negative enough 

to reduce sulfate to sulfide, such as in fine-grained, organic rich sediment from depositional 

areas of lakes and reservoirs. A VS typically is absent from sandy sediment exposed to wave 

action or flowing water. At the site, A VS typically was not detected in sandy Carson River 

sediment or in sandy near-shore'sediment from Lahontan Reservoir. Conversely, A VS was 

present at levels up to 6 IJ.mol/g in se~iment from mid-basin locations in the north and middle 

basins of Lahontan Reservoir. The high A VS levels resulted in molar ratios of mercury to A VS 

of less than one, despite the high total mercury levels in sediment at these locations (see next 

subsection). Consequently, acute mercury toxicity to benthic life at these location would not be 

anticipated. 

Although not included in Table 3-6, cyanide and TAL metals were measured in bulk 

sediment from Ruhenstroth Dam, Fort Churchill, the north basin of Lahontan Reservoir, and the 

background reservoirs (see Appendix D for results). The data were collected to verify the 

presence or absence of high levels of mining-related contaminants such as cyanide, silver, and 

other heavy metals. Cyanide and the metals antimony, selenium, and thallium typically were not 

detected. Chromium, cobalt, lead, and zinc were detected at all locations, but the levels were 

low. For example, the concentrations were less than the effects range low (ERL) benchmarks for 

benthic organisms developed by Long et al. (1995). Beryllium and vanadium also were routinely 

detected, but ecological criteria are not available to assess the significance ofthese metals in 

sediment. Beryllium ranged from 0.13 f.J.g/g at Fort Churchill to 1.9 f.J.g/g at Rye Patch Reservoir, 

and vanadium ranged from 19.1 f.J.g/g at Pyramid Lake to 112 f.J.g/g at Lahontan Reservoir. Silver 

was not detected in sediment from the background reservoirs, but was found at 1.3 f.J.g/g in 

sediment at Ruhenstroth Dam, and at roughly double this concentration at Fort Churchill (2.6 

f.J.g/g) and Lahontan Reservoir (2 to 2.5 f.J.g/g), probably because silver ores occur naturally in 

regional bedrock and/or as a result of historic mining activity. Arsenic, copper, and nickel were 

present in Lahontan Reservoir sediment at levels greater than their respective ERL benchmarks, 

but not greater than the effects range median (ERM), benchmarks of Long et al. ( 1995). Mercury 

was the only metal in sediment from Lahontan Reservoir that exceeded its ERM benchmark, 

which is 0.71 f.J.g/g; levels in the reservoir sediment exceeded 20 IJ.g/g at some locations (see 

Figure 3-5) .. 
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Mercury 

Total mercury and mercury species in sediment from the background locations is given 

in Table 3-7. Total mercury ranged from approximately 3 nglg at Pyramid Lake to 61 nglg at 

Ruhenstroth Dam, well below ecological concern levels for mercury in sediment (Long et al. 

1995). At Ruhenstroth Dam, Pyramid Lake, and Rye Patch Reservoir, total mercury was largely 

associated with sediment fines, as is usually observed for trace metals in sediments. 

Methylmercury was less than 3% oftotal mercury in bulk sediment at the background locations. 

The low values for ionic mercury in bulk sediment at the background areas should be interpreted 

with caution; they may indicate that ionic mercury is present only in trace amounts, or that it was 

not removed from sediment by the KCileachant used. Volatile mercury species (gaseous 

elemental and dimethylmercury) generally were not detected in sediment from the background 

locations (see Table 3-7). 

Figure 3-5 illustrates spatial and temporal variability in mercury levels in bulk sediment 

from the Carson River and Lahontan Reservoir. At a given location, differences in mercury 

concentrations between sampling dates is likely the result of small-scale spatial variability, not 

temporal variability. Total mercury in bulk sediment increased in the downstream direction from 

0.06 JJ.g/g at Ruhenstroth Dam to more than 20 JJ.g/g in Lahontan Reservoir (see Figure 3-5A; 

note log scale). The greatest values were observed at mid-basin (MB) locations in the south (24 

JJ.g/g) and middle (28 and 30 JJ.g/g) reservoir basins where fine-grained sediment predominates. 

Spatial variability at reservoir near shore (NS) locations was greater than that at mid-basin loca

tions, probably because the samples were collected over a period when the reservoir was filling. 

Near-shore sediment collected during drought conditions (September 1994) was high in total 

mercury because it was taken from reservoir areas that usually are inundated and depositional in 

nature, whereas near shore sediment collected at maximum pool elevation (May 1995) consisted 

of sandy, upper beach deposits that are low in total mercury (Miller et al. 1995). Although not 

shown on Figure 3-5, total mercury also was measured in coarse (2 mm to 62.5 J.lm) and fine ( < 

62.5 Jim) sediment fractions from each location. The total mercury concentration of sediment 

fines typically was much greater than that of the coarse sediment fraction (see Appendix D), as is 

usually observed for metals in aquatic sediments. 

Figure 3-5 also illustrates variability in ionic and methylmercury concentrations. Io'nic 

mercury levels in bulk sediment from Santiago Ruins to Lahontan Reservoir were greater than 

those at Ruhenstroth Dam (see Figure 3-5B), but there was considerable variability between 

locations and the correlation with total mercury was not strong ® = 0.41 ). Ionic mercury in bulk 

sediment (as defined in this study) typically was less than 0.01% of total mercury. Similarly, 
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methylmercury was a small fraction of total mercury in sediment, decreasing from 2.8% at 

Ruhenstroth Dam (see Table 3-7) to less than 0.3% at downstream locations. In Carson River 

sediment, levels of methylmercury did not co-vary with total mercury; sediment methylmercury 

levels at Ruhenstroth, Santiago, and Churchill were nearly identical despite total mercury levels 

that varied by a factor of I 00 (compare Figures 3-SA and C). In Lahontan Reservoir, 

methylmercury in bulk sediment (see Figure 3-SC) typically was higher in mid-basin than in 

near-shore sediment, and near-shore levels were lowest in February and May 1995 when sandy 

beach deposits were sampled, as was observed for total mercury (see Figure 3-SA). Although 

not shown in Figure 3-5, gaseous elemental mercury in bulk sediment was up to I 00 times 

greater in Lahontan Reservoir than at Ruhenstroth Dam (0.002 nglg); the greatest values were 

observed in mid-basin sediment from the south (0.01 nglg) and middle (0.08 and 0.12 nglg) 

reservoir basins, where total mercury levels were greatest (see Figure 3-SA). Dimethylmercury 

usually was not detected ( < 0.0002 nglg) in bulk sediment from the Carson River and Lahontan 

Reservoir (see Appendix D). 

Mercury speciation in sediment porewater from the Carson River and Lahontan 

Reservoir is shown on Figure 3-6. As with bulk sediment, the range of values for each location 

is likely due to small-scale spatial variability, but seasonal factors may also contribute to the 

observed variability. Total mercury in porewater increased from RuhenstrothDam downstream 

to Fort Churchill and remained elevated above background in Lahontan Reservoir, but there was 

considerable variability between locations in the reservoir. Total mercury in porewater was not 

strongly correlated with total mercury in bulk sediment (r = 0.570). Methylmercury levels in 

porewater tended to increase with total mercury levels in bulk sediment up to approximately I 0 

mglg (dry weight) (see Figure 3-7). However, porewater methylmercury levels were low in 

sediment with greater than 20 mglg total mercury (see Figure 3-7), perhaps because methylating 

microbes are inhibited by high mercury levels. These field data agree with the experimental 

findings of Chen et al. ( I996). These authors found an increase in methylation rate and little 

inhibition of microbial activity in Carson River sediment spiked with inorganic mercury up to 15 

J.lg/g (dry weight). However, methylation was inhibited and microbial activity reduced in Carson 

River sediment spiked with inorganic mercury to concentrations greater than 15 J.lg/g (dry 

weight). 

3.3.3 Zooplankton 

Mercury levels in zooplankton from Lahontan Reservoir were one to two orders of 

magnitude greater than those from the Pyramid Lake background location (see Figure 3-8). 
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Methylmercury was 34% of total mercury in zooplankton from Pyramid Lake and averaged 52% 

in samples from Lahontan Reservoir. Seasonal variation in zooplankton methylmercury levels in 

the north basin of Lahontan Reservoir paralleled those for dissolved IJlethylmercury in water. 

Dissolved methylmercury levels in north-basin surface water were (in ng/L) 0.058, 0.085, and 

0.45, and methylmercury levels in zooplankton were (in J.l.g/g dry weight) 0.19, 0.20, and 1.2 in 

September 1994, February 1995, and May 1995, respectively. Data are not available to examine 

seasonal variation in the other Lahontan Reservoir basins. If we assume zooplankton are 80% 

water, the average total and methylmercury levels for zooplankton from Lahontan Reservoir are 

estimated to be 0.31 and 0.14 J.l.g/g wet weight, respectively~ These methylmercury values are 

roughly one-quarter to one-half the levels in planktivorous Sacramento Blackfish from the 

reservoir (see below). 

3.3.4 Benthic Invertebrates 

Mercury levels in benthic invertebrates (crayfish, caddisfly larvae, and midge larvae) 

were generally less than 1 IJ.g/g wet weight; methylmercury did not exceed I IJ.g/g in any sample. 

Mercury levels in crayfish (see Figure 3-9A) from the Carson River at Santiago Ruins, Dayton, 

and Fort Churchill were elevated by up to a factor of 10 compared with crayfish from the 

Ruhenstroth Dam background area, and concentrations increased progressively from Santiago 

Ruins downstream to Fort Churchill. A similar pattern of contamination was found for mercury 

in caddisfly larvae (see Figure 3-9B). Methylmercury was the predominant mercury form in 

crayfish from all Carson River areas, and in caddisfly larvae from Ruhenstroth Dam and 

Santiago Ruins. In contrast, methylmercury was less than 50% of,total mercury. for caddisfly 

larvae from the Carson River at Fort Churchill. The high percentage of inorganic (i.e., ionic) 

mercury in caddisfly larvae from the river at Fort Churchill may be attributed to exposure to very 

high levels of inorganic mercury in sediment at this location, although not all of the inorganic 

mercury is known to be incorporated in tissue and may be the result of mercury in ingested 

sediment or on outer body surfaces. 

Total mercury levels in midge larvae from Lahontan Reservoir were two to three times 

greater than in those from the Chimney Reservoir background location (see Figure 3-9C). 

Interestingly, the difference between reservoirs in midge mercury levels was not nearly as great 

as for mercury in sediment, which differed between reservoirs by .several orders of magnitude 

(see Section 3.3.2). Mercury levels were similar in midge larvae from the three basins of 

Lahontan Reservoir. Methylmercury was the predominant mercury species in midge larvae from 

Chimney Reservoir. In contrast, ionic mercury generally.was the predominant mercury species 
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in midge larvae from Lahontan Reservoir. The high levels of ionic mercury in midge larvae 

from Lahontan Reservoir may be the result of exposure to high levels of inorganic mercury in 

sediment in the reservoir, although not all of the inorganic mercury is known to be incorporated 

in tissue and may be the result of mercury in ingested sediment or on outer body surfaces. 

3.3.5 Fish 

Because mercury levels in fish are known to increase with fish size and age (Cooper et 

al. I985; Swaine and Helwig I989; Grieb et al. I990), fish from mercury-contaminated and 

background areas were compared using plots oftotal mercury versus weight (see Figure 3-10), 

rather than bar graphs, ,which were used for other biota groups. Plots of total mercury versus 

length and age were qualitatively similar to those of total mercury versus weight. 

Total mercury levels in walleyes from Lahontan Reservoir ranged from approximately 4 

to 7 J.lg/g wet weight (whole body) and were linearly correlated with fish weight (see Figure 

3-1 OA). These walleye mercury levels are among the highest values reported for fish from the 

site (Cooper 1983; Cooper et al. I985; Sevon I995). Only two walleyes were captured from 

Chimney Reservoir for comparison with those from Lahontan Reservoir. Total mercury levels in 

the Chimney Reservoir walleyes were an order of magnitude lower than in similarly-sized fish 

from Lahontan Reservoir (see Figure 3-1 OA). 

Total mercury levels in Sacramento blackfish from Lahontan Reservoir ranged from 

approximately 0.2 to I J.lg/g wet weight and were five to' I 0 times greater than levels in blackfish 

from Rye Patch Reservoir (see Figure 3-IOB). Total mercury levels in blackfish from Lahontan 

Reservoir were not linearly correlated with fish weight over the weight range of the samples, 

whereas mercury levels in blackfish from Rye Patch Reservoir generally were twice as great in 

fish greater than 80 g than in fish less than 20 g. The Sacramento blackfish collected from both 

reservoirs were I to 2 years old and were less than harvestable size (see Appendix D for age 

data). 

Carp were collected from both river and reservoir habitats. The carp collected spanned a 

wide range of size up to 5 kg. Total mercury levels in carp from Lahontan Reservoir were 

greater than levels in carp of the same size from Rye Patch Reservoir (see Figure 3-1 OC). Levels 

of mercury in carp from Lahontan Reservoir were less than I J.lg/g wet weight (whole body) with 

the exception of four fish; the maximum concentration was 2.3 J.lg/g wet weight (whole body). 

In the Carson River, total mercury levels in carp generally increased from Santiago Ruins 

downstream to Fort Churchill, as indicated by the progressive increase in slope of the regression 

lines in Figure 3-1 OD. A similar pattern of mercury contamination also was observed for 
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sediment, water, and be~thic invertebrates and suggests that river carp accumulate mercury in 

• proportion to its concentration in the environment and prey items. The carp collected from the 

Carson River generally wer~ much larger than those collected from Lahontan Reservoir, and 

mercury levels generally were greater than 1 fJ.g/g wet weight (whole body). 

• 

• 

Because Tahoe suckers were not available in the Carson River at the Ruhenstroth Dam 

background area, mountain suckers were collected for comparison. Mercury levels iri Tahoe 

suckers from the Carson River at Santiago Ruins, Dayton, and Fort Churchill were elevated 

compared with mountain suckers ofthe same size from Ruhenstroth Dam (see Figure 3-IOE). 

As was observed for carp, mercury levels in Tahoe suckers increased progressively from 

Santiago Ruins downstream to Fort Churchill. Mercury levels in suckers from all locations 

generally increased with fish weight. In general, mercury levels in Tahoe suckers ranged from 

approximately 0.5 to 3 fJ.g/g wet weight (whole body). 

Total mercury levels in green sunfish from the Carson River at Fort Churchill were on 

average two times higher than in those from Santiago Ruins (see Figure 3-IOF), a pattern of 

contamination consistent with that found for carp and suckers from the river. Because of the 

narrow weight range of the sunfish, a pattern of increasing mercury levels with fish weight was 

not observed. Levels of mercury in sunfish were comparable to levels in Tahoe suckers at the 

same locations. 

Methylmercury generally accounted for 90% or more of total mercury in fish (see Table 

3-8), a result consistent with other published work on mercury speciation in fish (Bloom 1992). 

Exceptions were noted for whole-body preparations of carp and Tahoe sucker from the Carson 

River at Fort Cpurchill, which contained greater than 20% non-methyl mercury. Interestingly, 

methylmercury was 95% of total mercury in muscle from the Fort Churchill carp. The high 

percentage of non-methylmercury in whole-body preparations of Fort Churchill carp may have 

resulted from sediment in the gut of this bottom-feeding species. Unfortunately, muscle was not 

analyzed separately for Tahoe suckers from Fort Churchill because of the small size of the fish . 

. Total mercury levels in fish muscle were 20 to 40% greater than those in whole-body 

homogenates (see Table 3-9). Because mercury bioconcentration in fish is the result of protein 

affinity (Bloom 1992), the difference likely is the result of the inclusion of bone and other tissues 

(e.g., scales, fin rays) with lower protein content than muscle in the whole-body homogenates. 

3.3.6 Birds 

Mercury levels in blood and liver of fledgling swallows from Lahontan Reservoir were 

on average two to three times greater than in swallows from the river background area at 

02 ZS3490_D4700-02!16/98-DI 3-23 



Ruhenstroth Dam (see Figure 3-llA and B). In contrast, mercury levels in feathers of fledgling 

swallows were similar between locations (see Figure 3-llC). Average total mercury levels in 

the Lahontan Reservoir swallow blood (wet weight), Iiver(wet weight), and feather samples (dry 

weight) were 2.6, 4.0, and 2.0 Jlg/g, respectively, compared with 0.74, 0.98, and 2.4 Jlg/g, 

respectively, at the background location. Methylmercury accounted for greater than 90% of total 

mercury in blood, liver, and feathers ofthe fledgling swallows. Total selenium also was 

measured in the swallow livers. Liver selenium levels in swallows from Lahontan Reservoir 
( ' 

(mean 1.1 Jlg/g dry wt) were significantly greater (p < 0.004, Mann-Whitney U test) than those 

in swallows from the Carson River at Ruhenstroth Dam (mean 0.61 Jlg/g dry wt.). 

Mercury levels in blood and feathers of unfledged cormorants from Gull Island in 

Lahontan Reservoir were an order-of-magnitude greater than those from Anaho Island in 

Pyramid Lake (see Figure 3-llD and E), and were the highest mercury levels in biota measured 
I 

in this study. Average total mercury levels for cormorants samples collected at Lahontan 

Reservoir were 17.1 Jlg/g wet weight for blood and 105 Jlg/g dry weight for feathers, compared 

with 0.49 Jlg/g wet weight for blood and 9.0 Jlg/g dry weight for feathers from the background 

location. As was observed for the swallows, methylmercury accounted for greater than 90% of 

total mercury in cormorant blood and feather samples. 

3.3. 7 Lizards 

Mercury levels in lizards from Santiago Ruins and Six Mile Canyon were approximately 

10 times greater than those from the Carson River background area at Ruhenstroth Dam (see 

Figure 3-12). Average total mercury levels (Jlg/g wet weight, whole body) in lizards were 0.87 

at Six Mile Canyon, 1.13 at Santiago Ruins, and 0.077 at the background area. Interestingly, the 

percent methylmercury in the lizards varied considerably between locations. The percentage was 

greatest at Ruhenstroth Dam (average of89%), least at Six Mile Canyon (average of38%), and 

intermediate at Santiago Ruins (average of64%). Because the lizards were not washed to 

remove external contamination prior to analysis, the high percentage of non-methylmercury for 

lizards from Santiago Ruins and Six Mile Canyon may in part be the result of external 

contamination. Nevertheless, the concentration of methylmercury in lizards from riparian 

habitat at Santiago Ruins was on average 2.5 times greater than in liZards from the xeric Six Mile 

Canyon area. Because mercury methylation is known to occur in aquatic systems (Winfrey and 

Rudd 1990), the greater levels of methylmercury in lizards from Santiago Ruins may in part be 

the result of their close association with aquatic habitat of the Carson River; lizards from Six 
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Mile Canyon were remote from any significant aquatic habitat because surface flow in the 

canyon wash is intermittent and seasonal. 

3.4 Summary of Contaminant Release, Migration, and Fate 

Elevated levels of mercury in water and sediment are widespread at the site and 

generally increase from the historic mill sites near Brunswick Canyon downstream to Lahontan 

Reservoir. Mercury levels in biota from the site follow spatial patterns similar to those in water 

and sediment. 

Mercury levels in Carson River water vary seasonally with water flow rate. High flow 

resuspends bottom sediment and erodes mercury-contaminated tailings from the river banks, 

increasing mercury levels in Carson River water. As a result, mercury transport to Lahontan 

Reservoir occurs largely through the movement of mercury-contaminated particles and is 

greatest during spring snowmelt when flow is greatest. Surface-water mercury levels typically 

are lower in Lahontan Reservoir than in the river as a result of settling of mercury-contaminated 

particles and, in the north basin, as a result of dilution with low-mercury water from the Truckee 

Canal. Transport of dissolved mercury species to Lahontan Reservoir was also found to be 

• greatest during spring runoff. 

• 

Evidence suggests that significant mercl!ry methylation occurs in the Carson River 

upstream from Lahontan Reservoir, and that methylmercury from Carson River inflow is more 

important than within-reservoir production in determining methylmercury levels in the reservoir. 

First, methylmerct~:ry levels in Lahontan Reservoir are less than those in incoming water from the 

Carson River. This pattern would not be evident ifthere was a significant flux of methylmercury 

from reservoir sediment to the water column or if significant methylation occurred in the water 

column of the reservoir. Second, the mercury mass balance model described in Appendix G 

indicates that during spring high-flow conditions, methylmercury entering the reservoir from the 

Carson River is sufficient to produce the levels observed in the reservoir water column. Finally, 

the highest methylmercury level measured in this study was from the Carson River at Dayton, 

Nevada, in September 1994. This result demonstrates that significant methylation can occur in 

the river, particularly during periods of low flow and high temperature when anoxic conditions 

are more likely to develop in river sediment. 

Mercury levels in sediment increased by several orders of magnitude from the 

Ruhenstroth Dam background area to Lahontan Reservoir. The greatest total mercury levels 

were observed in the south and middle reservoir basins. Within each basin, total mercury levels 

were greater in fine-grained, mid-basin sediment compared with sandy, near-shore sediment. 
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Very little total mercury was present in sediment porewater (parts per trillion concentration 

range) or reservoir surface water (parts per billion concentration range) compared with bulk 

sediment (parts per million concentration range). Methylmercury levels in porewater tended to 

increase with total mercury levels in bulk sediment up to approximately 10 J.lg/g (dry weight).· 

However, porewater methylmercury levels were low in sediment with greater than 20 J.lg/g (dry 

weight), perhaps because methylating microbes are inhibited by high total mercury levels. 

Species at the top of the food chain, such as fish-eating birds and predatory fish, have 

extremely high mercury levels in their tissues. In addition, within-species trends for some fish 

indicate that mercury levels increase with size. Methylmercury is the predominant form of 

mercury in biota; however, a high percentage of ionic mercury was found in benthic macro

ir:tvertebrates and lizards at some locations. This may be attributed to exposure to very high 

levels of inorganic mercury in the environment at these locations, although not all of the ionic 

mercury is known to be incorporated in tissue and may be the result of mercury in ingested soil 

and sediment or mercury on outer body surfaces. During the course of this study, 

methylmercury levels in zooplankton from Lahontan Reservoir were found to covary seasonally 

with dissolved methylmercury levels in reservoir surface water, suggesting that dissolved 

methylmercury is readily taken-up in the food chain. Since Carson River inflow appears to be 

the largest source of methylmercury to the wa~er column of the reservoir, the river m~y be the 

ultimate source of much ofthe methylmercury in top predators at the reservoir. 
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Table 3-1 

ANALYTICAL METHODS FOR ANALYSIS OF 
SURFACE WATER AND SEDIMENT 

Parameter Method8 Matrix 

Ammoma EPA 350.1 FSW,PW 

Total KJeldahl nitrogen EPA 351.2 USW,PW 

Total phosphorus EPA365.4 USW,PW 

Dissolved organic carbon EPA415.1 FSW,PW 

pH EPA 150.1 USW,PW 

Alkalimty APHA2320 USW,PW 

Chlorophyll-a APHA 10200H usw 
Total suspended sohds EPA 160.2 usw 

. 2+ 2+ + + 
MaJor cations (Ca , Mg , Na , K ) EPA200 7 FSW,PW 

2- - -MaJor anions (S04 , Cl , N01 ) EPA300.0 FSW,PW 

Acid volattle sulfide ' EPA Draft Method SD 

Percent water and volatile sohds APHA2540G SD 

Grain size dtstribution ASTMD422 SD 

Sulfide EPA 376.1 PW 

Cyantde CLPRAS SD 

TAL morganic analytes CLPRAS usw 
Total Hg and Hg species See Section 3 1.3 USF, FSW, SD, PW 

a 
APHA methods are from APHA ( 1989), ASTM methods are from ASTM ( 1990), and EPA 
methods are from USEPA (1983) CLP RAS refers to EPA's Contract Laboratory Program 
Routme Analytical Servtces. 

Key· 

FSW = Ftltered surface water. 
PW = Sediment porewater. 
SD = Sediment. 

USW Unfiltered surface water 
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Table 3-2 

QUALITY CONTROL SAMPLES FOR MERCURY ANALYSES 

Precision Blanks 
Mercury 
Species Accuracy Analytical Total Field 

Biota 

Total DORM-2b Matrix Spike Duplicate NA Blood 
Analysis (same Only 

sample) 

Methyl DORM-2b Matrix Spike " NA Blood 
Only 

Surface Water and Sediment Porewaterd 

Total DORM-2b Matrix Spike " Duplicate Field Field 
Samples Blank 

Methyl DORM-2b Matrix Spike " " " 

Dimethyl NAV Matrix Spike " " " 

Elemental" NAV NAV " " " 

Ionic NAV NAV " " " 

Sediment 

Total PACS-lc Matrix Spike " " NA 

Methyl IAEA-356c Matrix Spike " " NA 

Dimethyl NAV Matrix Spike " " NA 

Elemental" NAV NAV " " NA 

Ionic NAV NAV " " NA 

• Gaseous elemental mercury (Hg0
). 

b Dogfish muscle tissue (certified reference material from National Research Council of Canada). 
c Estuarine sediment (certified reference material). 
d Field blank not applicable for sediment porewater. 

Key: NK = Not applicable 
NAV = Not available 

3-28 

Filtration 

NA 

NA 

Filtration 
Blank 

" 

NA 

NA 

Filtration 
Blank 

NA 

NA 

NA 

NA 

NA 
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Table 3-3. Surface Water Chemical and Physical Characteristics in August/September 1994 
lr -- ------- ·--

r-c __ Stud1 Area . _ _ 
Auhenstroth Santiago Fort LA South LA M1ddle LA North Pyram1d Ch1mney Aye Patch 

Le.ara.rn_etet__ _Lu_mtt__ _ O.arn__l2~ms [ O.a.vto~urchll~aast~L...-. . Bas1n I BaSin I Lake ___!iuervon• Aese!l12n* 
'COnCiuct1v1ty 1 uS/em 330 · 559 · 685 · · · 620 1200 · · · · -- 86o · 620 - ·- 750 · · N-A -- · -NA 

fPJ!_ solved Oxygen ..!!!9/L 11 4 11 2 5 54 6 1 7 7 7 5 12 9 8 5 NA NA 
~~1112_erature _ "C 11 198 229 16 20 19 18 21 NA NA 
J:IH(fleld) StdUnds 82 969 811 84 85 73 86 9 NA NA 
pH ~borato_!YI Std Units 8 2 8 2 7 1 · 8 8 5 8 8 5 9 2 8 5 8 45 I 
Iota! Aikah~ttv - ·;;gji-(as C(.aC03) 87 2 138 1115 149 436 . -· 196 149 1240 145 289 5 
TSS mgll 3 8 4 4 4 3 52 7 56 7 98 7 68 8 2 1 209 _ __M_!jjl 

1
-calclu_rn,_dls-;olved.. mgiL 25 7 . 55 65 1 47 6 90 9 42-4 43 1 - 10 2?_4 ----41711 
Magneslum~!!_SOI'!!'I!I~!Jmi!L 66 142 148 145 266 11.9 · 108 120 493 233 

I Sod1um, d1ssol~~ mall __ .. 26 1 32 4 49 9 54 7 165 131 68 4 1860 43 4 215 5 
PotassiumL~issolved mall ___ . ... 4 41 6 03 4 6 7 96 6 38 7 38 4 57 123 9 31 22 2 
~lfll~-~~ssolved __ !!!9fl ... 63 111 1235 134 180. 181 119 300 264 1103

1 
Chlond. e dissolved mall 11 6 15 23 4 21 5 57 ___ ___!Q__t 34 7 2140 . .. . 19 7 20~11 

I DOC mall 1 9 1 8. _ 2 8 3 4 26 4 4 3 12 NA .. N~~ 
_g~loropJ!YII-a ug/_L __ 19 3 5_6 28 539 101 119 17 62 __ 146 
J.o~l Phos2M_rus mall 0 025 0 02 (115 0 17 1 6 _. _1__3 · 0 47 0 01 0 41 _ _Q_!! 
TKN ma/L 0 27 0 42 0 34 1 1 3 8 1 0 2 0 0 83 0 96 0 85 
}lrtrilte;·ci~·ssolved _ ma NIL· o 03 o 22 o 01_ o 01 o 01 ·-·-···-- o 01 ______ o 01 o 01 · o 27 o ot"ll 

1,_J.otal amro.oma, d1s_s~v.e.ct .ma!'lfl. . o_ 03 .. J> Q3 o J).3 o 03 0 ~9. o 13 o 03 0 03 __ . . o 03 . J> Q5Jj 

• August 1994, September 1994 for other locat1ons 
•• D1ssolved operationally defined by filtrat1on through 0 4 micron poresize Nuclepore poly carbonate membrane 

Key DOC Dissolved Orgamc Carbon 
N/A Not Analyzed 
LA = Lahontan Reservoir 
TKN = Total KJeldahl Nitrogen 
TSS =Total Suspended Sohds 



Table 3-4 

MERCURY SPECIATION IN SURFACE WATER 

Parameter 

Total Hg (UF) 

Total Hg (F) 

Methyl Hg (UF) 

Methyl Hg (F) 

%Methyl Hg (UF) 

Ionic Hg (UF) 

Ionic Hg (F) 

Elemental Hg 
(gaseous) 

D1methyl Hg 

a 
b September 1994. 

August 1994. 

Key. 

F = Filtered sample 
UF = Unfiltered sample 

02 ZS3490_04700-JI/I0/97·DI 

I 

FROM BACKGROUND AREAS 
(ng/L) 

Ruhenstroth Pyramid Chimne~ 

Dam 
a 

Lake
8 Reservoirb 

3.5 1.2 17 

0.59 0.56 1.2 

0.098 0 007 0.1 

0.089 0.007 0.0065 

28% 0.6% 06% 

1.8 0 12 1.3 

0.14 0.08 0.58 

<0.02 <0.01' <0.02 

<0 0013 <0.0013 <0.002 
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Rye Pate\ 
Reservoir 

76 

0.82 

0 072 

0 015 • 09% 

4.4 

0 27 

0.055 

<0.002 

• 
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Table 3·5 

SEASONAL VARIATION IN CHEMICAL AND PHYSICAL 
CHARACTEmSTICSATFORTCHURCmLL 

Sampling Period" 

Units 
I 

Parameter September 1994 February 1995 May 1995 

Conductivity 1.1S/cm 620 281 134 

Dissolved Oxygen mEII. 6.1 9.7 I 1.2 

Temperature oc 16 7 10.6 

pH (field) pH units 8.4 7.5 7.5 

Total Alkahmty mg!L as CaC03 149 89 53.5 

TSS mg/L 52 7 50.8 102.2 

Calcmm mg/L 47.6 28.6 15.5 

Ma~esmm mEII. 14 5 6.9 4.4 

Sodmm mEII. 54.7 26.3 9.1 

Potassium mg/L 8.0 2.3 2.5 

Sulfate mEII. 134 53.6 15.65 

Chlonde mg!L 21.5 12.6 3.4 

DOC mg!L 3.4 4.9 • 14.0 

Chlorophyll-a J.lg/L 28 10.1 2 

Total P m_g PIL 0.17 0.12 0.19 

Total Kjeldahl N mgN/L 1.1 0.55 ND 

a Water flow rates on the day of sample collection were: 0 cubic feet per second (cfs) in September 1994, 
460 cfs m February 1995, and 2,000 cfs m May 1995 . 
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Table 3-6 Sediment Physrcal and Chemrcal Charactensttcs rn August/September 1994 

Carson River I Lahontan Res~u I Background Reservoirs 

S. Basm I Mid. Basin b N. Basin I Pyramid I Chi:ne~ j Rye Patch 
f!tlllj('I'Jilter Ynifs_ltlMb~er;r~_l!ottd_~nfl~o_l_as~_LChurqwLIJyJ!!~l Sb!Dlf!le_aJ $.hQre_ N_e_~r.Sllm=.M!ddle Litke Be.s ~ · Bfltm.l!!2!l 
o/o Water o/o 37 2 42 o 27.5 26 0 48 0 33.0 29.9 74.0 23.8 27.3 24 5 

~Qr_ganlc Matter o/o ---- 2.8 1 4 1.3 0.8 2.5 1.9 1.1 59 0.7 9 1 3.4 
Gravel o/o 0 0 10 01 0 0 0 0 23.1 104 24 

. Sand % 72.3 78 3 71 4 82 30.9 81 2 77.3 1 2 66.6 40 66 4 
sin--~ % 18.9 154 12.8 13.6 235 8.4 13.4 ss.8 7.8 264 21.2 
Clay . _% 8.8 6.4 5 .. 8.§ 4.3 4S 6 10.4 - 9 3 60 2 5 23 2 10.05 

~ld Volatile $utfide umol/g NA NA 0.08 0.23 _ 0.13 NA NA 0.36 NA _ 0.035 0.033 
er I pH Units 7 1 7 7 7.45 7.7 7.3 7 5 7 7 7.3 NA NA NA 
rewater 1!!9/L 108 · 70.6 90.4 -84-.2 155 61.1 72 1 80 4 NA NA NA 
Porewater mg/L 28.5 1 0. 7 20.6 25.3 44.2 16.2 19.3 22 2 NA NA NA 

Pou!water ma/L 54.5 48 4 67 1 86.4 223 ·- 172 72.2 57.6 NA NA NA 
!!l_,__porewater ma/L - 71 51 7 6 7.6 10 3 10 6 ____ 7_,7_ 8 5 NA ~~----- NA 

$utfate..J:grewater m9l!:_ _______ ... 40.4 18.7 2~4---9_6.9 .. 046 74.2 80.4 ___ Q_§S NA NA NA 1 
Chlori~e. PorC!I.\"f~ter. __ .mgLL I 14.21 14 4 2~,8 24 41 .. Jl7 6 4:S. .30 21 5 NA • ~A _ __ _NA 

Key: NA Not available. 

• • • 



• 

• 

• 

Page 1 of 1 

Table 3-7 

MERCURY SPECIATION IN SEDIMENT FROM BACKGROUND AREAS 

Parameter 

Total Hg (whole) 

Total Hg (coarse)c 

Total Hg (fine)c 

Methyl Hg 

%Methyl Hg 

Ionic Hg 

Elemental Hg (gaseous) 

Dimethyl Hg 

Total Hg, Porewater 

Methyl Hg, Porewater 

%Methyl Hg, Porewater 

Ionic Hg, Porewater 

a 
b September 1994. 

August 1994. 
c 

Units 

nglgDW 

nglgDW 

nglgDW 

nglgDW 

% 

nglgDW 

nglgDW 

nglgDW 

ng/L 

ng/L 

% 

ng/L 

Coarse 2 mm to 62.5 11m; fine <62.5 11m. 

Key 

DW = Dry we1ght 
NA Not available . 

02 ZS3490_04700-II/10197-DI 

Ruhenstroth 
Dam a 

60 8 

54 3 

196 

I 69 

278% 

<0.008 

0.0021 

<0.0001 

12.2 

2.74 

224% 

2.33 

3-33 

Pyramid · Chimneyb Rye Pate\ 
' Lake8 Reservoir Reservoir 

2.7 31.4 15 0 

04 296 6.4 

113 28.4 41.0 

<0.005 "• 0 12 0.044 

- 0.38% 0.29% 

<0.003 0.005 0.008 

<0.0005 <0.001 < 0.001 

<0.00006 <0.0001 <0.0001 

1.54 4.5 69 

0 17 0.15 0 15 

II 0% 3.3% 2.2% 

<0.7 NA NA 
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Table3-8 

PERCENT METHYLMERCURY IN WHOLE BODY AND MUSCLE OF FISH 

Average 
Average Methyl- Percent 

Sample Total Mercury 8 Methyl-mercury 
Species Tissue Location Size (Jlg/g wet wt.) (Jlg/g wet wt.) mercury 

Carp Whole Body Santiago Ruins 2 I 07 097 91 

Dayton State Park 3 2 28 2 03 89 

Fort Churchill 2 2 18 1.70 78 

Lahontan Reservoir 6 0 78 0 75 96 

Rye Patch Reservoir 3 0 13 012 90 

Muscle Santiago Ruins 2 1.48 I 45 98 

Dayton State Park 2 3 19 3 14 97 

Fort Churchill 2 2 98 2.83 95 

Lahontan Reservmr I I 95 1.90 97 

Green Sunfish .Whole Body Santiago Ruins 2 0 76 0 74 97 

Fort Churchill 2 I 09 I 01 93 

Mountain Whole Body Ruhenstroth Dam I 0 106 0 102 96 
Sucker 

Sacramento Whole Body Lahontan Reservmr 6 0 52 049 94 
Blackfish 

Rye Patch Reservmr 3 0 053 0 051 96 

Tahoe Sucker Whole Body Santiago Rums 2 0 73 0 69 94 

Dayton State Park 2 2 48 2.36 95 

Fort Churchill 3 I 97 140 71 

Muscle Dayton State Park I 3 05 3 02 99 

Walleye Whole Body Lahontan Reservoir 6 5 58 5 47 98 

Chimney Reservmr I 0 34 0 33 98 

Muscle Lahontan Reservoir 6 7.74 7 66 99 

a 
Average total mercury concentration in those fish measured for methylmercury 

• 
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Table3-9 

COMPARISON OF TOTAL MERCURY CONCENTRATIONS 
IN FISH MUSCLE-AND WHOLE BODY 

Average Total Mercury 
(p.glg wet wt.) 

• Sample Percent 
Species Location ' Size Whole Body Muscle Difference a 

Carp Santiago Rums 4 I 21 1.48 22 

Dayton State Park 7 1.80 2.28 27 

' Fort Churchill 5 1.80 2.34 30 

Lahontan ReservOir 3 I 47 2.04 39 

Tahoe Sucker Dayton State Park 2 2.24 2 71 21 

Walleye Lahontan ReservOir 19 5.47 7.12 30 

a 
(Muscle- whole body)/(whole body) x 100 . 

• 
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Table 3-10. Mercury Speciation in Surface Water (August/September 1994). 

61 12 95 2674 13 45 
176 196 05 2372 26 1657 55 

257% 62% 11% 08% 
4020 45593 45014 29234 

1 9 18 45 35 4 44 
1 415 04485 0566 

09 14 3 3 0515 3 874 
526% 225% 128% 127% 

198 1669 5 
10 43 51 09 

1 83 307 
8.6 4802 

175% 60% 

Hg(UF) ng/L 3 51 23 7 209 2399 1671 2065 340 8 4931 1 15 17 76 6760 
Methyl Hg (UF) ng/L 0098 1 9 18 45 35 4 44 6 24 1 37 1 89 0 007 01 0 0715 1 52 
lome Hg (UF) ng/L 1 83 10 43 51 09 889 75 616 664 122 2 114 6 0115 1 29 4 435 178 2 
Elemental Hg ng/L 0 01 0 21 0 21 0 2105 0 5025 0 02 0 23 03334 0005 0 01 0055 006 
Dimethyl Hg ng/L 000065 0001 0.015 0 000775 0 00065 0 00065 0 00065 000065 0 00065 0 001 0 001 00008 
Other Hg (UF) ng/L 1 57 11 2 139 1506 1050 1395 2170 3763 1 02 15 60 3 04 496 21 

Methyl Hg (UF) % 279% 802% 883% 015% 0.27% 030% 040% 038% 061% 059% 094% 022% 

w rmc Hg (UF) % 5214% 44 01% 24 44% 3709% 3686% 3215% 3586% 23 24% 1000% 7 59% 5836% 2636% 
I Elemental Hg % 0 28% 089% 010% 001% 003% 000% 007% 007% 043% 006% 072% 001% 

w Dimethyl Hg % 002% 000% 001% 000% 000% 000% 000% 000% 006% 001% 001% 000% 
en Other Hg_ UF % 44 77% 4708% 6662% 62.76% 6284% 6754% 6367% 7631% 8890% 91.76% 3997% 7341% 

F11tered Concentration Data Summary and Percent of Total Hg I 

Total Hg (F) ng/L 0 59 61 12 95 26 74 13 45 13 97 4.45 4 31 056 1 2 082 
Methyl Hg (F) ng/L 0089 1 415 04485 0.566 0539 0 084 0058 0007 00065 0 015 
lome Hg (F) ng/L 0 135 1 83 307 15 5 4 06 7 35 1 65 1 13 008 0 58 0 265 
Elemental Hg ng/L 0 01 0 21 0 21 0 2105 0 5025 002 0 23 03334 0 005 0 01 0055 
Dimethyl Hg ng/L 000065 0001 0015 0 000775 000065 000065 0 00065 0 00065 0 00065 0001 0 001 
Other Hg (F) ng/L 036 306 5 51 10 58 8 32 606 2 49 2 79 047 060 0 48 

% 15.08% 1639% 3205% 1 68% 4 21% 386% 1 89% 1 35% 1 25% 
% 2288% 3000% 2371% 5797% 3019% 5261% 3708% 26 22% 14 29% 
% 1.69% 344% 1 62% 079% 374% 014% 517% 7 74% 089% 
% 011% 
% 60 23% 

• August 1994, September 1994 for other locations 

Key F = Filtered 
P = Particulate 
UF = Unfiltered 
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• able 3-11. Mercury Speciation in Surfa.Water (February 1995). 
----·----

r::~~- -Un_~JI 
Total Hg (UF) ng,IL 
Total Hg (F) ng,IL 
Total Hg (P) ng/L 
%Dissolved % 
Total Hg (!SSJ. ~_s_(cl!}') 
1.l~hyl Hg (UF) ng/L 
Methyl Hg (F) ng,IL 
M~hyl Hg (P) ng/L 
%Dtssolved % 
Methyl HsJI~L !!!l!_9_@y) 
lontc Hg (UF) ng,IL 
lontc Hg (F) ng/L 
lontc Hg (P) ng,IL 
%Dtssolved % 
lontc Hg (!Sl?L ,_'!sl9M!Yi 
Elemental Hg ng,IL 
Dtmethyl Hg ,_'!9/L TSS .. --- mg/J, 

i----

Total Hg (UF) ng,IL 
Methyl Hg (UF) ng/L 
lontc Hg (UF) ng,IL 
Elemental Hg ng/L 
Dtmethyl Hg ng,IL 
Other Hg (UF) ng,IL 

Methyl Hg (UF) % 
lontc Hg (UF) % 
Elemental Hg % 
Dtmethyl Hg % 
~_tler_!ig~ -·· % 

Total Hg (F) ng/L 
Methyl Hg (F) ng/L 
lome Hg (F) ng,IL 
Elemental Hg ng/L 
Dtm~hyiHg ng,IL 
Other Hg (F) ng,IL 

M~hyl Hg (F) % 
lontc Hg (F) % 
Elemental Hg % 
Dtmethyl Hg % 
Other HR (Fl % 

Key F = Ftltered 
P = Partrculate 
UF Unfiltered 

Carson Rrver Locabons ____ -- Lahontan Reservoir Locations 
Mtd-Bastn I Near-Shore 

RuJle_nslrolh Sanbago __ D~Y.!on Churchill Mtddle North South Mtddlf! 
7 57 20 5 50 1626 787 32 12 27881 1193 5 
1 79 2 48 43 17 74 1916 3 76 15 465 16 6 
578 18 0 45 7 1608 768 28 36 2773 1176 9 

236% 121% 86% 1 1% 24% 11 7% 06% 14% 
3985 1243 2597 31659 17774 2384 22372 20656 

0 0595 0 448 '(fne 3308 2 609 024 5-545 3198 
00325 0 298 0 464 0833 0 729 0085 0 52 0839 

0 027 015 0 312 2 475 1 88 0155 5025 2359 
546% 665% 598% 252% 279% 354% 94% 262% 

1 86 10 38 177 48 7 435 13 406 41 4 
1 72 7 96 19 65 646 9 4062 12 55 1100 5258 
043 0 89 1 79 10 52 11 27 1 55 1023 8 36 
1.29 707 17 86 63638 394 93 11 1089 77 517 44 

250% 11 2% 91% 1 6% 28% 12 4% 09% 1 6% 
89 488 1015 12527 9142 924 8810 9078 -0035 oo35 0 035 002 0 03 0 12 0 035 0035 

0 0015 00015 0.0015 0 001 0 0015 00015 0 0015 00015 -
.. !~ 5 14 5 17 6 508 432 11 9 123.7 ... 57 

Unfiltered Concentrab(!n Data Summary and Percent of Total Hg (Feb 95) I 

7 57 20 5 50 1626 787 32 12 27881 1193 5 
00595 0 448 0 776 3 308 2 609 024 5545 3198 

1 72 7.96 1965 646 9 4062 12.55 1100 5258 
0035 0035 0 035 002 0 03 012 0035 0035 

0 0015 0 0015 0 0015 0 001 0 0015 0 0015 0 0015 00015 
5 754 12 06 29 5 976 378 19 2 1682 5 664 5 

079% 219% 1 55% 0 20% 033% 075% 020% 027% 
22 72% 38 83% 39 30% - 39 78% 51 61% 39 07% 3945% 4406% 
046% 017% 007% 0 00% 000% 0 37% 000% 000% 
002% 0 01% 000% 000% 000% 000% 000% 000% 

76 01% 5881% 5908% 6001% 4805% 5980% 6035% 5567% --
Ftllered Concentration Data Summary and Percent of Total Hg_(t!!)·j~ 

1 79 2 48 43 17.74 19 16 376 15 465 16 6 
0 0325 0298 0 464 0833 0729 0085 0 52 0839 

043 0 89 1 79 10 52 11 27 1 55 10 23 836 
0035 0035 0 035 002 0 03 012 0 035 0 035 

0 0015 0 0015 0 0015 0 001 0 0015 0 0015 0 0015 0 0015 
1 291 1 2555 2 0095 6 366 71295 2 0035 46785 7 3645 

1 82% 12 02% 1079% 470% 380% 2 26% 336% 505% 
24 02% 3589% 41 63% 5930% 5882% 41 22% 6615% 5036% 

1 96% 1 41% 081% 011% 016% 3.19% 023% 021% 
0.08% 006% 003% 001% 0 01% 004% 0 01% 001% 

7212% 5063% 4673% 3589% 37 21% 5328% -· _30 25% 4436% 

Weeks 
Nor:!tt Bndge 

3339 24838 
346 17 39 

29 93 24664 
104% 07% 

3218 60259 
0256 4435 
0082 0 843 

' 0 174 3592 
320% 19 0% 

18 7 88 0 
12 9 814 3 
1 29 12 56 

11 61 801 7 
100% 15% 

1248 19629 
015 022 

0 0015 0.003 
93 408 

-

3339 2483 8 
0256 4435 

12 9 814 3 
015 022 

0 0015 0003 
201 1664 8 

077% 018% 
3863% 32 78% 

0.45% 0 01% 
000% 000% 

6015% 6703% 

3 46 17 39 
0082 0843 

1 29 12 56 
0 15 022 

0 0015 0 003 
1 9365 3 764 

237% 485% 
37 28% 7223% 
434% 1 27% 
0.04% 002% 

55 97% 2164% 

• 
Channel Locabor~_s-
Ftsherman Truckee 

Potnl Narrows Canal 
717 4 231 6 4612 
21 66 11 35 1 93 
695 7 2203 44 2 
30% 49% 42% 

19294 11910 412 
1 93 0.691 0 691 

0 757 0 261 0199 
1 173 043 0 492 

392% 378% 288% 
32 9 23 4 46 

223 9 115 7 10 42 
12 81 5 43 043 
211 1 110 3 999 
57% 47% 41% 
5930 5993 93 8 
o o35- 0090 0 02 

0 0015 0 0015 0001 
35 6 18 4 106 5 

717 4 231 6 4612 
1 93 0 691 0 691 

223 9 115 7 10 42 
0035 0090 0 02 

0 0015 0 0015 0 001 
491 5 115 1 35 0 

027% 030% 1 50% 
31 21% 4996% 2259% 
000% 004% 004% 
000% 000% 000% 

6852% 49 71% 7586% 

21 66 11 35 1 93 
0 757 0 261 0199 
12 81 5.43 043 
0035 0 090 002 

00015 0 0015 0001 
8 0515 5 5675 1 28 

350% 230% 10 31% 
5915% 4784% 22 28% 
016% 079% 1 04% 
0 01% 0 01% 005% 

3718% 4905% 6632% 
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Table 3-12. Mercury Speciation in Surface Water (May 1995). 

Parameter Units 
Total Hg (UF) ng/L 
Total Hg (F) ng/L 
Total Hg (P) ng/L 
% Dissolved Hg % 
Total Hg (TSS) ng/g (dry) 
Methyl Hg (UF) ng/L 
Methyl Hg (F) ng/L 
Methyl Hg (P) ng/L 
%Dissolved MHg % 
~!.!::!.!L~)_ 
lome Hg (UF) 

f!!DLgJdry) 
ng/L 

lome Hg (F) ng/L 
lome Hg (P) ng/L 
% Dissolved Ionic % 
lon1cHg~) ng~~y) 
Elemental Hg ng/L 
Dimethyl H11 ng/L 
TSS m!IIL 

Total Hg (UF) ng/L 
Methyl Hg (UF) ng/L 
lome Hg (UF) ng/L 
Elemental Hg ng/L 
Dimethyl Hg ng/L 
Other Hg (UF) ng/L 

Methyl Hg (UF) % 
lome Hg (UF) % 
Other Hg (UF) % 
Elemental Hg % 
Q!!!lethyl Hg % 

Total Hg (F) ng/L 
Methyl Hg (F) ng/L 
lome Hg (F) ng/L 
Elemental Hg ng/L 
Dimethyl Hg ng/L 
Other Hg (UF) ng/L 

Methyl Hg (F) % 
lome Hg (F) % 
Elemental Hg % 
Dimethyl Hg % 
Other Ha lfl % 

Key F = F11tered 
P = Parbculate 
UF = Unfiltered 

-~ 

Carson R1ver Locabons Lahontan Reservoir Locations 
Mid-Basin I Near-Shore 

Ruhenstroth Sanbaao Davton Churchill South M1ddle North South M1ddle North 
13.35 80 7 3588 3139 528 4_ 529.9 217 7 528 4 429 8 197 3 

2.15 2 75 4 21 35 6 41 16 39 16 17 22 39 29 32 15 16 62 
11 2 78 0 354 6 3103 487 2 4907 200.5 489 1 3977 180 7 
16% 3% 1% 1% 8% 7% 8% 7% 7% 8% 
359 1058 4678 30511 21370 25166 9368 19407 17441 1193 

0 104 0 331 0 758 5008 2.934 2 665 0 926 2 868 2 209 0 972 
0044 0 141 0 203 0 529 1 282 1 311 0 451 1 196 1 322 0 370 
0060 0 190 0 555 4.480 1 652 1 354 0475 1 672 0887 0603 

42% 43% 27% 11% 44% 49% 49% 42% 60% 38% 
1 92 2.58 7 51 4393 72 43 69 44 22.2 66 35 38 9 3 97 
2 44 10 68 17 63 902 4289 301 5 146 9 373 2 322 4 127 8 
073 1 05 2 24 26 8 27 31 17 54 8 43 24.29 16 72 777 
1 71 9 63 15 39 875 402 284 138 349 306 120 
30% 10% 13%- 3% 6% 6% 6% 7% 5% 6% 

55 131 203 8542 17614 14559 6471 13846 13407 794 
0 02 002 0 02 019 0.15 0 03 009 017 006 014 

0.0085 0 0003 00003 0 00065 0.0001 00006 0 0006 00001 0 0006 0 0006 
31 2 73 7 75 8 102 2 22 8 19 5 21 4 25 2 22 8 152 

Unfiltered Concentrabon Data Summary and Percent of Total Hg I 

13 35 80.7 358 8 3139 528 4 529 9 217 7 528 4 429 8 197 3 
0 104 0 331 0 758 5008 2 934 2 665 0 926 2 868 2 209 0972 

2 44 10 68 17.63 902 428 9 301 5 146 9 373.2 322 4 127 8 
0 02 0 02 0 02 019 015 0 03 009 017 006 014 

0 0085 0 0003 0 0003 0 00065 0 0001 00006 0 0006 0 0001 0 0006 00006 
10 78 69 67 340 4 2232 96 4 225 7 69 8 152.2 105 1 68 4 

078% 041% 0 21% 016% 056% 050% 043% 054% 0 51% 049% 
1828% 13 23% 4 91% 28 72% 81 17% 56 90% 67 48% 70 63% 75 01% 64 77% 
8073% 8633% 94 87% 71 11% 18 25% 42 59% 32 05% 2880% 24 46% 34 66% 
015% 002% 0 01% 0 01% 003% 0 01% 004% 003% 001% 007% 

0 0637% 0 0004% 0 0001% 0 0000% 0 0000% 0 0001% 0 0003% 0 0000% 0 0001% 0 0003% 

F11tered Concentration Data Summary and Percent of Total Hg J 

2 15 2 75 4.21 35 6 41 16 39 16 17 22 39 29 32 15 16 62 
0 044 0 141 0 203 0 529 - 1 282 1 311 0 451 1 196 1.322 0370 
073 1 05 2 24 26 8 27 31 17 54 8 43 24 29 16 72 777 
002 0 02 0 02 019 015 0 03 0 09 017 006 014 

0 0085 0 0003 0 0003 0 00065 0 0001 0 0006 00006 0 0001 0 0006 00006 
1 35 1 54 1 75 808 f2 42 20 28 8 25 13 63 14 05 8 34 

205% 513% 4 82% 1 48% 311% 335% 2 62% 304% 411% 2 22% 
33 95% 3818% 53 21% 75 28% 6635% 44 79% 4895% 6182% 52 01% 46 73% 
093% 073% 048% 053% 0 36% 008% 052% 043% 019% 081% 

0 395% 0011% 0007% 0 002% 0000% 0 002% 0003% 0000% 0002% 0004% 
6267% 55 95% 41 49% 22 70% 3017% 5178% 4790% 3470% 4369% 5023% 

• 

ChanneiLocabons 
South Bas1n Weeks Fisherman Below 
Delta Inflow Bndge Po1nt Narrows Dam 

1932 2469 465 5 3267 480 5 
4393 41.94 36 67 22 45 17 34 

1888 1 2427 428 8 304 2 463 2 
2% 2% 8% 7% 4% 

17829 23450 19404 14557 15234 5 
8 26 374 2 54 1 38 1 00 

2 364 058 0 94 079 042 
5896 316 1 60 059 0.59 

29% 16% 37% 57% 41% 
55.68 30 54 72 4 28 20 19 36 
9876 1146. 342 5 218 1 214 5 
25.79 3355 19 96 11 01 8 155 

962 1112 323 207 206 
3% 3% 6% 5% 4% 

9082 10748.5 14595 9910.3 6787 
01 0.095 01 0083 017 

0 0018 00007 00002 00009 00005 
105 9 103 5 22 1 20 9 30 4 

1932 2469 465 5 326 7 480.5 
8 26 3 74 2 54 1 38 1 00 

9876 1146 342 5 218 1 214 5 
01 0095 0.1 0 083 017 

0.0018 00007 0 0002 00009 00005 
9360 1319 2 120 4 107.1 264 8 

043% 015% 055% 042% 021% 
5112% 46 42% 7358% 6677% 44 64% 
48 45% 53 43% 2586% 32 78% 55.11% 
001% 000% 002% 003% 004% 

0 0001% 0 0000% 0 0000% 0 0003% 00001% 

4393 41 94 3667 22 45 17 34 
2 364 058 0 94 079 0.42 
2579 33 55 19 96 11 01 8 155 

01 0095 01 0083 017 
0 0018 00007 00002 00009 0 0005 

15 67 7.71 15.67 10 57 8 60 

538% 1 39% 2 56% 351% 2 40% 
5871% 80 00% 54 43% 4902% 47 03% 
023% 023% 027% 037% 098% 

0 004% 0002% 0001% 0 004% 0003% 
35.68% 18 39% 42 74% 4709% 49 59% 

• 
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Figure 3·1 PARTICULATE AND DISSOLVED MERCURY SPECIES IN WATER (MAY 1995) 
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Figure 3-2 PERCENT METHYL AND IONIC MERCURY IN UNFILTERED SURFACE WATER (MAY 1995) 
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Figure 3-3 SEASONAL VARIATION OF Hg IN UNFILTERED CARSON RIVER WATER 
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Figure 3-4 SEASONAL VARIATION OF Hg IN UNFILTERED LAHONTAN RESERVOIR WATER 
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• Figure 3·5 MERCURY SPECIATION IN BUI,.K SEDIMENT 
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Figure 3-7 TOTAL MERCURY IN SEDIMENT VERSUS METHYL MERCURY IN POREWATER FOR 
CARSON RIVER AND LAHONTAN RESERVOIR 



02 ZS3475_D4700\ZS3_38 CDR 2118/98 

-i 
~ 
"0 

.!'! 
0) 
::J -
~ 

w I 
I 

..j:::> 
0'\ 

c::::::J Inorganic 

-Methyl 

• 

3 

2 

1 

oL~~--_j 
9/94 

Pyramid lake 
5/95 

South 
5/95 

Middle 
9/94 

lahontan Reservoir Basin 

location 

2/95 
North 

5/95 

Figure 3·8 MERCURY SPECIATION IN ZOOPLANKTON FROM LAHONTAN RESERVOIR 
AND BACKGROUND LOCATION (PYRAMID LAKE) 

• 

© 1998 Ecolob'Y and Envnonment, Inc 

• 



w 
I 

..&::> 
"'-1 

• • • 
02 ZS3475 04700\ZS3 39 CDR 2118/98 

i -Q) 
;: 
Ol .._ 
Ol 
.3. 
~ 
:::J 
0 .._ 
Q) 

:E 

I i -Q) 
;: 
Ol .._ 
Ol 
.3. 
~ 
:::J 
e 
Q) 

:E 

1.2 
A. 

Crayfish (Whole Body) . -1• Methyl0 Ionic-: -
t--

0.8 

0.6 

0.4 
~ 

0.2 = .. I ' 

0 11•11 I 
12345 1234567 1 12345678 .. 

Ruhenstroth Dam Sant1ago Ruins Dayton Fort'Ctlui'ch1ll 

1 4 
Caddlsfly Larvae (Composite Samples) ;:::::::-----

1.2 J. Methyl D Ionic 
-
r--

;:::: 

08 

0.6 ,..--

,.....-
04 = 

02 

0 •• No Samples 

2 1 2 3 

Ruhenstroth Dam Santiago Ruins Dayton 

2 

Fort Churchill 

Sampling Location 

B. 

i 
I 
.!:!? 
Ol 
.3. 
~ 
:::J 
0 .... 
Q) 

:E 

0.25 ' --·. ge Larvae (Composite samples) 

0.2 1 ,_MethytOiomc 

015 

0.1 

0.05 

0 
1 2 3 

Ch1mneyRes 
1 2 3 1 2 3 1 2 3 

Sou1h Middle North 

Lahontan Reservo1r Basm 

Sampling Location 

() 1998 Ecology and Envuonment, Inc 

Figure 3-9 MERCURY SPECIATION IN BENTHIC INVERTEBRATES FROM THE 
CARSON RIVER MERCURY SITE AND BACKGROUND LOCATIONS 
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Figure 3-10 RELATION BETWEEN TOTAL MERCURY AND WEIGHT FOR FISH FROM 
THE CARSON RIVER MERCURY SITE AND BACKGROUND LOCATIONS 
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Figure 3--10 (Cont.) RELATION BETWEEN TOTAL MERCURY AND WEIGHT FOR FISH 
FROM THE CARSON RIVER MERCURY SITE AND BACKGROUND 
LOCATIONS 
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4 Risk Analysis 

.... 

This section presents an analysis of whether the levels of mercury in soi I, sediment, and 

prey may cause adverse ecological effects. The first step in this quantitative analysis is to 

develop an exposure estimate, which is the amount of mercury that could be ingested by a typical 

member of a species of concern at the site. The second step in the risk analysis is the selection or 

derivation of toxicity reference values (also known as a TRVs or toxicity benchmarks). The 

TRVs are estimates of the level of exposure to mercury that may cause adverse effects. 

The exposure estimates are based on site-specific measurements of the concentrations of 

mercury in prey, soil, and sediment; the TRVs are derived from data taken from pu~Iished 

laboratory or field studies. The third and final step in the risk assessment is to compare the 

exposure estimates and the TRV s and evaluate the ecological significance of any exceedances of 

the TRVs. This final step, known as risk characterization, is presented in Section 5. 

These three steps are completed for each of the twelve ecological endpoint species of 

birds and mammals identified in Section 2. These species are also referred to as receptor 

species. The risk analysis attempts to quantitatively account for variations in diet among 

receptor species, variations in mercury concentrations of their prey, and the differing toxicity of 

two forms of mercury present at the site (inorganic mercury and methylmercury). 

Section 4.1 discusses the assumptions and methods used in the risk analysis in more 

detail. Sections 4.2 and 4.3 present the exposure estimates and TRVs for species exposed 

primarily to inorganic mercury and methylmercury, respectively. Section 4.4 provides a second, 

independent assessment of exposure and effects by evaluating the measured mercury residues in 

the blood, feathers, and liver of two endpoint species: double-crested cormorants and bank 

swallows. Indicators of internal dose (i.e., mercury levels in the blood, feathers, and liver) are 

often superior to estimates of external dose (i.e., from mercury levels in soil or prey) because 

they eliminate the need to make assumptions about the fraction of the contaminant absorbed by 

an organism. 
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Finally, Appendices Band C supplement the risk analysis by providing the results of 

studies that attempt to directly identify mercury~related effects in fish and benthic 

macroinvertebrates, respectively. 

4.1 Risk Analysis Calculation Methods and Assumptions 

The methods and assumptions of the exposure assessment are presented in Section 4 .1.1, 

and the methods and assumptions of the ecological effects assessment are presented in Section 

4.1.2. 

4.1.1 Exposure Assessment: Methods and Assumptions 

Two routes of wildlife exposure to mercury are evaluated in this assessment: exposure 

through incidental ingestion of soil or sediment and exposure through ingestion of prey. Other 

exposure routes of potential concern at the site include drinking contaminated surface water and 

inhaling volatile elemental mercury. However, because levels of mercury in surface water are 

much lower than concentrations in soil, sediment, and prey, drinking contaminated water is not 

likely to significantly increase exposure. Furthermore, inhalation exposure to volatile elemental 

mercury is not expected to be a significant exposure route for most species at the site. 

Exposure estimates are calculated from measured concentrations of mercury in soil, 

sediment, and prey using standard uptake calculations and assumptions, as described below. 

In this assessment, exposure estimates are calculated at each sample location for each endpoint 

species. A frequency term (FR) is used to denote the fraction of total exposure from a given 

contaminated source (EPA 1993b). 

Except for the coyote and red~tailed hawk, receptors are assumed to spend all of their 

time at a given sample location (FR=l). While it is likely that some wide-ranging receptors 

spend only a fraction of their time at any location, the sample locations are each separated by 

several miles and were selected to be representative of the major habitat types occurring at the 

site. Therefore, the exposure estimates for each sample location could plausibly represent 

exposure occurring over a larger area. Because of their large home ranges, lower frequencies of 

exposure are assumed for the coyote and the red-tailed hawk. To account for the likelihood that 

these receptors could obtain a significant fraction of their food in relatively uncontaminated 

areas, two scenarios are evaluated. In the "worst case" scenario, FR is equal to one (I 00% site 

use); in the alternative •;central tendency"scenario, FR is assumed to be one-half(SO% site use). 
' 

In addition, a fractional exposure duration (ED) was not used for migratory species to 

adjust for their seasonal occurrence at the site. Juvenile life stages are the most vulnerable to the 
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effects of mercury and, for animals born at the site, exposure to mercury could occur throughout 

their development. 

In this assessment, the arithmetic average concentrations of mercury in soil, sediment, or 

tissue are used to estimate exposure. According to EPA ( 1992c ), the arithmetic average is the 

best estimate of central tendency for deriving concentration terms in risk assessments. While the 

95% upper confidence limit of the mean is recommended for calculation of concentration terms 

in human health risk assessments, this step is not considered to be necessary given .the conserva

tism of the other assumptions used in the assessment. For example, the assumption that 

receptors spend all oftheir time at contaminated locations provides conservative exposure 

estimates for the maximally exposed receptors. 

For species assumed to feed on more than one type of prey, the exposure estimate is 

derived by calculating the average concentration of mercury in each receptor's food as follows: 

where: 

The average concentration of mercury in a receptor's food (mglkg); 
Tissue concentration in the nth prey item (mglkg); and 
Amount of the nth prey item ingested as a fraction ofthe total dietary intake. 

The estimate ofCrfor any given species is a function ofthe percentages of various types 

of prey items in its diet. The potential dietary composition of each species is qualitatively identi

fied because dietary compositions were not quantified in this assessment. To estimate exposure 

through the food chain, species sampled for mercury are used as surrogates for prey items 

ingested by each endpoint species. The selection of species that best represent the dietary 

composition of any given receptor is described in Section 4.3. 

As explained in detail below, exposure to inorganic forms of mercury occurs primarily 

through abiotic media, and exposure to methylmercury occurs primarily through the food chain. 

Therefore, the concentration of mercury in soil or sediment (C5) serves as an approximation of 

exposure to inorganic mercury, and the average concentration in food (Cr) serves as an approxi

mation of exposure to methylmerc~ry . 
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4.1.2 Ecological Effects Assessment: Methods and Assumptions 

TRVs are estimates ofthe amount of a chemical that may cause adverse effects. In this 

risk analysis, two types ofTRVs are derived from literature sources. To evaluate the potential 

toxic effects of mercury ingested in food or abiotic media, wildlife TRVs are derived from 

published feeding studies (see Sections 4.2 and 4.3). To evaluate levels of mercury in bird 

tissues, TRVs are derived from published field and laboratory studies where mercury levels in 

tissues were correlated with effects (see Section 4.4). 

If available, published toxicity studies conducted under controlled laboratory conditions 

are preferred over field studies. However, the differences between species and conditions in a 

laboratory setting and the field make extrapolation from laboratory toxicity data to the TRVs 

uncertain. To compensate for this uncertainty, the most sensitive toxicological effect is selected 

as a benchmark, if the effect is related to potentially significant ecological effects on the growth, 

survival, or reproduction of field populations. The highest available NOAEL (No Observed 

Adverse Effect Level) or the lowest LOAEL (Lowest Observed Adverse Effect Level) is used to 

calculate the TRV. If only a LOAEL is available, a NOAEL is derived from the LOAEL by 

dividing the LOAEL by an uncertainty factor, generally ranging from I to 10 (EPA 1995; 

Sample et al. 1996). 

Larger organisms such as mammals are conventionally thought to be more sensitive to 

chemicals than smaller organisms for a given rate of dietary intake. This is thought to be 

because a number of physiological processes important in contaminant uptake, distribution, and 

metabolism follow a similar relationship to body weight, i.e., larger organisms do not eliminate 

chemicals as quickly as small animals (Davidson et al. 1986). This relationship of sensitivity to 

body size does not appear to be valid for birds (Mineau et al. 1996). Therefore, to adjust for 

body size effects in mammals (but not in birds), the test species TRV is modified by a body 

scaling factor to calculate the receptor species TRV. According to Sample et al. (1996), TRVs of 

endpoint species can be derived from the following relationship: 

where: 

TRVr 
TRV1 = 
BWr = 
BW1 
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r I I r' 

Toxicity reference value for receptor species (mglkg-bw/d); 
Toxicity reference value for test species (mglkg-bw/d); 
Body weight of receptor species (kg); and 
Body weight of test species (kg). 
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To allow a direct comparison of the TRVs with exposure estimates, TRVs are converted 

• to a TRY-equivalent concentration with units ofmglkg (Sample et al. 1996). For dietary 

exposure, the equation is as follows: 

• 

where: 

where: 

TRV1 = TRV /NIR 

'· 

TRV r is as defined above; 
TRV r= The TRV equivalent concentration in food (mglkg).; and 
NIR =Normalized ingestion rate of the receptor (kg ingested/kg-bw/d). 

For incidental ingestion of soil or sediment, the equation is: 

TRV r• NIR are as defined above; 
TRV5 =The TRV equivalent concentration in soil or sediment (mglkg); and 
P 5 = Amount of soil or sediment ingested as a fraction of total dietary intake . 

I 

4.2 Inorganic Mercury Exposure and Effects 

4.2.1 Inorganic Mercury Exposure 

Inorganic mercury occurs in a variety of forms, including relatively toxic and soluble 

forms such as ionic mercury and mercury salts, and relatively less toxic and insoluble forms such 

as mercuric sulfide and elemental mercury. The mercury in animal tissues at the site is primarily 

methylmercury, so exposure to inorganic mercury through the food chain is not likely to be 

significant. Therefore, exposure to inorganic mercury is expected to occur primarily through 

incidental ingestion of soil or sediment. 

Only a small fraction of the mercury in abiotic media such as sediment and soil is likely 

to be in the soluble ionic form at the site. Although the form of mercury in sediment and soil 

solids was not measured as a part of this investigation, others have reported that soil and 

sediment solids at the site consist primarily of inorganic forms such as mercuric sulfide and 

elemental mercury (EPA 1994; Lechler etal. 1995). Therefore, the bulk of exposure through 

incidental ingestion of soil or sediment is assumed to be to mercuric sulfide or elemental mercu-

• ry. As a conservative assumption, 10% ofthe mercury in soil or sediment is assumed to be in a 

soluble form (e.g., mercuric chloride). 
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In general, only two types of endpoint species are expected to ingest significant amounts 

of soil or sediment at the site. Shorebirds such as the avocet are likely to ingest mercury in 

sediment as they probe in shallow mudflats. Terrestrial receptors such as the red-tailed hawk and 

coyote may ingest contaminated soil and tailings at old mill sites. 

For the avocet, the average available total mercury level in near-shore sediment samples 

from Lahontan Reservoir (1.77 mg/kg dry weight) multiplied by 0.1 (the fraction of total mercury 

assumed to be in a soluble form) is used as an exposure estimate (C, = 0.177 mg/kg). For the 

red-tailed hawk and coyote, the average total mercury level in surface soil (0 to 6 inches deep) 

and exposed tailings at the Six Mile Canyon sampling location (916 mg/kg dry weight) multi

plied by 0.1 is used as the exposure estim_ate (C, = 91.6 mg/kg) for mercury in soil. 

4.2.2 Inorganic Mercury Effects 

Studies of toxicity of mercuric chloride to mink and Japanese quail are used as the basis 

for estimating mammalian ~nd avian TRVs for incidental ingestion of inorganic mercury at the 

site. From the mink study (Aulerich et al. 1974), a NOAEL for mercuric chloride was estimated 

to be 1.0 mg/kg-bw/d (Sample et al. 1996). From the Japanese quail study (Hill and Schaffner 

1976), an avian test species NOAEL for mercuric chloride was estimated to be 0.45 mg/kg-bw/d 

(Sample et al. 1996). From these test species NOAELs, receptor NOAELs were derived for the 

American avocet, red-tailed hawk, and coyote. The NOAEL for the coyote was adjusted using 

the body-size scaling apprC!ach described in Section 4.1.2. The NOAELs are shown in Table 4-1. 

To convert the NOAELs to equivalent concentrations (TRV5) in soil or sediment, the equation 

provided in Section 4.1.2 is used. Values for the percentage of soil/sediment in diet, ingestion 

rate, and body weight were selected from sources as shown in Table 4-1. As shown in Table 4-1, 

the TRV equivalent concentrations of mercuric chloride in sediment or soil range from 29 mg/kg 

for the avocet to 925 mg/kg for the hawk. These TRV equivalent concentrations are compared to 

the soil and sediment exposure estimates in Section 5. 

4.3 Methylmercury Exposure and Effects 

4.3.1 Methylmercury Exposure 

Exposure to methylmercury occurs through consumption of contaminated prey. Table 

4-2 lists average tissue concentrations of methylmercury calculated for each class of prey (e.g., 

crayfish, caddisflies, midges, small and large forage fish, walleye, and lizards) at each location 

where data were collected. ·The assumed diet of each endpoint species is as follows: 
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Avian Receptors 

• 

• 

• 

• 

American Avocet. The American avocet feeds by probing aquatic 
sediments with its bill to find small benthic invertebrates. The primary 
prey are insects in both larval and adult stages, but worms and sqme 
vegetation may also be ingested (Bent 1962). In this assessment, the 
avocet is assumed to feed on a diet of midges from reservoir habitats. 

Bank Swallow. Bank swallows prey exclusively on arthropods, with 
flying insects making up the majority of prey in riparian or lacustrine 
settings (Bent 1963). The bank swallows at the site are assumed to 
feed on adult forms of midges from reservoir habitats and caddisflies 
from Carson River locations. Mercury measured in larval forms of 
these insects is used as an estimate of adult insect concentrations. 

Double-crested Cormorant. The double-crested cormorant is almost 
entirely piscivorous. In some populations where dietary studies were 
conducted, such as Lake Ontario, small forage fish and pan fish repre
sented more than 90% of fish taken, with forage fish alone making up 
over 50% of the diet. Prey were usually small, with an average size of 
10 em to 20 em in length, up to a maximum of approximately 30 em. 
Gamefish were also taken, but they were only 5% of prey taken in Lake 
Ontario (Ross and Johnson 1995; Ross I 995). At the Carson River site, 
the double-crested cormorant is assumed to feed primarily on small 
forage fish (represented by Sacramento blackfish and carp less than 25 
em in length) from reservoir habitats. Two scenarios are evaluated to 
determine the sensitivity of risk estimates to consumption of the more 
contaminated gamefish (represented by walleye). In the central ten
dency scenario, 100% of the diet is assumed to be small forage fish. In 
the worst case scenario, 50% of the diet is assumed to be walleye, and 
50% is assumed to be small forage fish. 

Great Blue Heron. Great blue herons forage primarily in freshwater 
and marine water bodies and wetlands. Fish represent the majority of 
the heron's prey, often making up to 95% of its diet. Herons feed on 
smaller fish, generally under 25 em in length. Other small aquatic 
organisms, such as crustaceans, amphibians, and reptiles, also can be a 
significant portion of the diet (EPA 1993b; USFWS 1985). For this 
assessment, the great blue heron is assumed to feed primarily on small 
forage fish from the Carson River sampling locations. Two scenarios 
are evaluated to determine the sensitivity of heron risk estimates to 
consumption of crayfish. In the worst case scenario, 100% ofthe diet 
is assumed to be small forage fish. In the central tendency scenario, 
50% of the diet is assumed to be crayfish, and 50% is assumed to be 
small forage fish. 

• Osprey. The osprey feeds almost exclusively on fish in lakes and 
streams. Prey can include fish from 10 em to greater than 40 em in 
length, but the majority of fish taken ~re within a narrower size range 
of IS em to 35 em (EPA 1993b; USFWS 1987). In this assessment, the 
osprey is assumed to feed on an equal mixture of small and large forage 
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fish from Carson River and Lahontan Reservoir sampling locations. In 
the worst case scenario at Lahontan Reservoir, 50% of the diet is 
assumed to be walleye, and 50% is assumed to be small and large 
forage fish. 

• Red-tailed Hawk. Red-tailed hawks feed on a variety of prey in 
terrestrial and wetland ecosystems. Although small mammals are the 
preferred prey in many areas, the red-tailed hawk is opportunistic and 
will take the most available prey species. For this assessment, lizards 
are assumed to be surrogates for the upland and riparian prey of the 
red-tailed hawk. 

Mammalian Receptors 

• Coyote. Coyotes are opportunistic feeders and will take small mam
mals, reptiles, carrion, or other prey depending on their abundance in 
the area. As with the red-tailed hawk, lizards are assumed to be surro
gates for the coyote's prey. 

• Mink. Mink are largely piscivorous but are opportunistic and will take 
a variety of mammals, birds, amphibians, and invertebrates in addition 
to fish, depending on local abundance. For this assessment, the diet of 
the mink is assumed to be identical to that of the osprey. Although 
crayfish could also be consumed by mink, the evaluation of crayfish in 
the diet of the great blue heron is deemed adequate to evaluate the 
sensitivity of wildlife risk estimates to crayfish ingestion. 

Based on these assumed diets, as well as the tissue concentrations of mercury shown in 

Table 4-2, the average dietary methylmercury concentration (C,.) is calculated for each endpoint 

species according to the formula provided in Section 4.1. 1. The dietary concentrations are 

presented graphically in Section 5. 

4.3.2 Methylmercury Effects 

Methylmercury toxicity has been relatively well-studied, resulting in the publication of a 

variety of wildlife NOAELs and LOAELs. The studies of mink by Wobeser et al. (l976a; b) are 

selected for evaluating risks of methylmercury to mammalian receptors. In one study (Wobeser 

et al. 1976a), 0.44 mglkg methylmercury in the diet was given to adult and juvenile mink over a 

period of 145 days with no mortality or signs of disease. This dose is selected as a mammalian 

NOAEL. In another study (Wobeser et al. 1976b), doses of 1.1 mglkg methylmercuric chloride 

and higher over a period of 93 days were associated with histopathology, and animals given 

doses of 1.8 mglkg and higher showed clinical signs of injury including weight loss and 

convulsions. The lower dose of 1.1 mglkg is selected as a LOAEL for this risk assessment. The 
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NOAEL and LOAEL expressed as dietary concentrations were multiplied by 0.134 kgld food 

• consumption and divided by 1 kg body weight to derive the test species NOAEL of0.06 mglkg

bw/d and the test species LOAEL of0.15 mg/kg-bw/d, respectively, provided in Table 4-3. 

Because mink is also an endpoint species in this assessment, the mink TRY-equivalents are 0.44 

mglkg for the mink NOAEL and 1.1 mglkg for mink LOAEL. Using the body-scaling approach, 

TRY-equivalents are calculated for the coyote using the mink benchmarks, as shown in Table 4-

3. To convert the NOAELs to equivalent concentrations (TRY r) in food, the equation provided 

in Section 4.1.2 was used. Values for the ingestion rate and body weight were selected from 

sources as shown in Table 4-3. 

• 

The studies of mallards, conducted by Heinz (1974, 1979), are used as a basis for 

selecting an avian LOAEL. Heinz ( 1979) suggested that significant behavioral effects could be 

observed at concentrations as low as 0.5 mglkg (dry weight) in food over three generations of 

mallards. The dietary concentration is multiplied by 0.128 kgld food consumption (Heinz 1979) 

and divided by 1 kg body weight to derive the test species LOAEL of 0.064 mglkg-bw/d 

provided in Table 4-3. A NOAEL is not presented by Heinz (1974, 1979). Therefore, a study of 

red-tailed hawks is used to select an avian NOAEL (Fimreite and Karstad 1971 ). 

The red-tailed. hawk study provides a NOAEL of3.3 mglkg methylmercury in diet; 

however, a subchronic exposure duration of only four to 12 weeks was used. A chronic NOAEL 

is derived by dividing the subchronic NOAEL by a safety factor of 1 0 (Sample et al. 1996), as 

described below. Fimreite and Karstad ( 1971) reported mortality, neurological disorders, 

emaciation, and nerve lesions in one-year-old hawks who were fed chicks with 7.2 mglkg in their 

livers, resulting in a total methylmercury intake of 94.1 mg over a 12-week period. These effects 

were not observed in hawks ingesting chicks with 3.9 mglkg in their livers, resulting in 48.3 mg 

of methylmercury intake over the same period. The chronic NOAEL of 0.048 mg/kg-bw/day 

provided in Table 4-3 is derived by dividing the total intake of 48.3 mg by the exposure duration 

(84 days) and by the average body weight ofhawks in the study (1.2 kg), and dividing by the 

safety factor of 10. To convert the NOAELs and LOAELs to equivalent concentrations (TRY r) 

in food, the equation provided in Section 4.1.2 is used. Values for the ingestion rate and body 

weight were selected from sources as shown in Table 4-3. 

4.4 Avian Tissue Residues of Mercury and Effects Levels 

Mercury exposure was determined directly for juvenile double-crested cormorants and 

• juvenile bank swallows by measuring mercury in their tissues (see Table 4-4). The average 

mercury concentration in tissues provides an alternative estimate of the average exposure for 
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these endpoint species at each location. The tissue residues and effects levels for mercury in fish 

and birds are generally reported in the literature as concentrations of total mercury. Therefore, 

total mercury tissue residues are provided in Table 4-4. 

Although numerous investigations report tissue residues of mercury in birds, few 

provide adequate effects data to allow interpretation of the toxicological significance of mercury 

exposure. Moreover, many studies report mercury levels in adults rather than juveniles. Adults 

can excrete mercury in eggs or feathers during molt and, therefore, levels in adult tissues such as 

feathers and liver are difficult to associate with juvenile effects. The few studies that found a 

clear association of mercury in juvenile blood, feathers, or liver with effects on growth, survival, 

or reproduction (or where the absence of effects was documented) are listed in Table 4-5. 

In the laboratory studies of Finley and Stendell ( 1978), reduced hatching and survival, 

and brain lesions in American black ducks were associated with 50 mglkg in juvenile feathers 

and 12 mglkg in juvenile liver (see Table 4-5). In the studies of Fimreite and Karstad ( 1971) of 

red-tailed hawks, birds with liver levels of< 3 mglkg were not affected, whereas birds with liver 

levels> 17 mglkg had various adverse effects including mortality, as described above in Section 

4.3.2. Therefore, a liver level of 3 mg/kg is selected as the TRV for this assessment. In a 

literature review, Zillioux et al. (1994) determined that 5 mglkg in-liver could be considered a 

conservative threshold for major effects (although age was not specified). 

Field studies of bald eagles have reported feather levels of 10 mglkg in juveniles 

(Bowerman et al. 1994) and blood levels of 1.2 mg/kg in juveniles (Wiemeyer et al. 1989) with 

no evidence of effects on reproductive success. Therefore, these benchmarks are selected as the 

feather TRV and the blood TRV respectively. Various other studies that found levels in juvenile 

feathers below 10 mg/kg not associated with effects also are listed in Table 4-5. · 
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Table4-1 

MERCURIC CHLORIDE TRV EQUIVALENT CONCENTRATIONS IN SOIL/SEDIMENT 

Endpoint Soil/ 
Test Species Species 

IRb 
Sedimen 

IRsd 
TRV8 -

NOAEL
8 NOAEL

8 tin Diete BWe NOAELf 
Receptor (mglkg-bw/d) (mglkg-bw/d) (kg/d) (%) (kg/d) (kg) (mglkg) 

American Avocet - 0.45 0.027 18 0.005 0.316 29 

Japanese Qn:all OA~ -· - - - - -
Red-tailed Hawk - 0.45 0.028 2 0 001 1.2 925 

Mammalian 

Coyote - 0.5 0.654 2.8 0.018 15.5 427 

Mink L{) - - - - 1 -

a 
b Mink and Japanese Quail NOAEL from Sample et al 1996; others calculated as described in text 

kg of food (dry weight) mgested per day. EPA J993b for hawk (wet weight divided by 4 to convert to dry weight); others 
c calculated according to Nagy 1987. . 
d Beyer et al 1994; avocet based on the western sandpiper, coyote based on red fox. 

IRg = IR multiplied by percentage of soil or sediment m diet. 
e 

EPA J993b for mink; Dunning I 993 for avocet; Burt & Grossenheider 1976 for coyote; Fimreite and Karstad 1971 for red-
f tailed hawk. 

TRV s shown on a dry weight basis. 

Key: 

Shading indicates test species and TRVs selected as benchmarks. 
BW = Body weight. 

IR = Ingestion rate. 
IRg = Soil ingestion rate. 

NOAEL = No observed adverse effect level. 
TRV = Toxicity reference value. 

TRV5 = TRV equivalent concentration in soil or sediment. 
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Table 4-2 

METHYLMERCURY (MUg) TISSUE CONCENTRATIONS IN PREY OF WILDLIFE 
RECEPTORS 

MUg a Receptors Feeding on 
'Prey Item Location (~)· Prey Item 

Terrestrial Habitat 

Ltzards Ruhenstroth Darn O.o7 Red-tatted Hawk, Coyote 

Santiago Ruins 0.75 

Stx Mile Canyon 0.29 

River Habitat 

Caddtsflies Ruhenstroth Darn . 0.08 Bank Swallow 

' 
Santial!o Rums 0.35 

Fort Churchill 0.48 

Crayfish Ruhenstroth Darn 0.08 Great Blue Heron 

SanttaJZo Rums 0.35 

Dayton State Park 0.86 • Fort Churchill 0.77 

Large Forage Ftsh 
b 

Santial!;o Rums 1.07 Osprey, Mink 

Dayton State Park 1.71 

Fort Churchill 1.40 

Small Forage Ftsh 
c 

Ruhenstroth Darn 0.12 Great Blue Heron, Osprey, Mmk 

Santtago Rums 0.68 

Davton State Park 1.49 

Fort Churchill 1.40 

Rese"oir Habitat 

Midges Chimney Reservoir 0.02 Amencan Avocet, Bank Swallow 

Lahontan Reservoir 0.05 

Large Forage Fish d 
' 

Rye Patch Reservotr 0.14 Osprey, Mink 

Lahontan Reservoir 1.41 

Small Forage Fish e Rye Patch Reservotr 0.09 Double-crested Cormorant, Osprey, Mmk 

Lahontan Reservotr 0.53 
•, 

Walleye Chtmnev Reservoir 0.33 Double-crested Cormorant, Osprey, Mmk • Lahontan Reservotr 5.34 
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Tables 4-2 (Cont.) 

a 
Average methylmercury tissue concentrauon, mg/kg wet we1ght. Obtamed by mult1plymg the average total mercury 

b concentration by the average percent methylmercury for each prey item at each locatiOn. 

c Weighted average for Tahoe suckers and carp > 25 em. 

d We1ghted average for green sunfish and suckers< 25 em. 

Average for carp > 25 em. e 
Wetghted average for Sacramento blackfish and carp < 25 em . 
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Table 4-3 

METHYLMERCURY (MHg) TRV EQUIVALENT CONCENTRATIONS IN FOOD 

Test Species Endpoint Species Test Specbes Endpoint Sl\,ecles 
BWd 

TRVr TRVr 
NOAEL8 NOAEL3 LOAEL LOAEL IRe NOAELe LOAELe 

Receptor (mglkg-bw/d) (mglkg-bw/d) (mglkg-bw/d) (mglkg-bw/d) (kg/d) (kg) (mglkg) (mglkg) 

Avian 

Amen can Avocet - 0.048 - 0.064 0.11 0.316 0.14 0.18 

Bank Swallow - 0.048 - 0064 0.016 0.015 0.05 0.06 

Double-crested Cormorant - 0.048 - 0064 0.325 1.674 0.25 0.33 

Great Blue Heron - 0048 0.064 0.421 2.34 0.27 0.36 

Mallard - - 0.064 - 0.128 I - -
Osprey - 0.048 - 0.064 0.342 163 0.23 0.31 

Red-tailed Hawk 0.048 0.048 - 0.064 0.11 1.2 0.52 0.70 

Mammalian 

Coyote - 0.03 0.07 2.616 15.5 0.18 0.44 

Mink 0.06 0.06 0.15 0.15 0.134 I 0.44 1.1 

: Hawk subchronic NOAEL = 3 9 mglkg in diet (Fimreite and Karstad 1971); chronic NOAEL calculated as described in text. Mmk NOAEL = 0.44 mglkg in diet multiplied by 0.134 kglkg-bw/d 
LOAEL = 0.5 mglkg m diet multiplied by 0.128 kg/d (Heinz 1974, 1979). Mink LOAEL = 1.1 mglkg m diet multJphed by 0.134 kglkg-bw/d (Wobeser et al. 1976 a,b). All others calculated as 
described in text. 

~ kg of food (wet weight) mgested per day. EPA 1993b for heron, osprey, hawk, and mink; others calculated accordmg to Nagy 1987 (dry weight multiplied by 4 to convert to wet we1ght). 
EPA 1993b for heron, osprey, and mmk; Dunning 1993 for avocet, cormorant, swallow; Burt & Grossenheider 1976 for coyote; Heinz 1979 for mallard; F1mre1te and Karstad 1971 for hawk. 

e TRV f shown on a wet weight basis. 

Key· 

Shadmg indicates test species and TRVs selected as benchmarks. 
BW = body wetght. 

IR = mgestion rate. 
LOAEL = lowest observed adverse effect level. 
NOAEL = no observed adverse effect level. 

TR V = toxicity reference value. 
TRVf = TRV equivalent concentration m food. 
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Table 4-4 

MERCURY (Hg) IN BIRD TISSUES 

Tissue Average Hga 
Species Type Location \ (mg/kg) 

Double-crested cormorant Blood Pyramid Lake 049 

Lahontan Reservoir 17 I 

• Feathers Pyramid Lake 9 

Lahontan Reservotr ~ 105 

Bank swallow Blood Ruhenstroth Dam 0 74 

Lahontan ReservOir 26 

Feathers Ruhenstroth Dam 24 

Lahontan Reservoir 2 

Liver Ruhenstroth Dam 098 

Lahontan ReservOir 4 

a , 
Blood and liver concentrations shown on a wet weight basts, feather concentrations on a dry wetght 
basts 

• 
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Table 4-5 

SELECTED MERCURY (Hg) TISSUE EFFECTS LEVELS IN BIRDS 

Average Hg3 (mg/kg) 

Receptor Blood Liver Feathers Critical Effects Reference 

Laboratory Studies 

Amencan Black Duck - 12 50 Reduced duckhng hatching Fmley & Stendell 1978 
and survival, bram lesions 

Red-tailed Hawk - <3 - No effect on 1-year-old 
hawks 

> 17 Mortality, emaciatiOn, Ftmreite & Karstad 1971 
neurological disorders, nerve 
les1ons 

Field Studies 

Bald Eagle 1.2 - - Normal reproductive success Wtemeyer et al. 1989 • Bald Eagle - 10 No effect on produchvtty or Bowerman et al. 1994 
nestmg success 

Common Loon - - 4 No effect on fledgmg success Belant & Anderson 1990 

Great Blue Heron - 1.1 0.96 No effect on nestling Hoffman & Curnow 1979 
surv1val 

Great Skua - - 1.2 No effect on breedmg, Thompson et al 1991 
hatching, fledgmg 

Vanous Waterfowl 0.9 No effect on hatchmg, Hallock et al. 1993 
productiVIty or nestmg 
success 

Literature Reviews 

Various b1Td spectes - >2 >5 Impaired reproduction, etc. Eisler 1987 
and hfe stages 

- >5 - "MaJor effects" Zdhoux et al. 1994 

Shadmg mdicates TRVs selected as benchmarks 

a Blood and liver concentrations shown on a wet we1ght basts, feather concentrattons on a dry we1ght basis. • 
4-16 
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5 Risk Characterization 

The risk characterization phase of the ecological risk assessment provides estimates of 

potential risks based on a comparison of the exposure estimates with the toxicity benchmarks. It 

then discusses the ecological significance of any exceedances of the toxicity benchmarks in 

terms of the spatial, temporal, and biological scale of potential adverse effects of mercury in the 

study area, and presents the main uncertainties of the risk assessment. Risk estimates are 

provided in Section 5.1; the ecological significance of the risks is discussed in Section 5.2; and 

the uncertainties are reviewed in Section 5.3 . 

5.1 Risk Estimation 

Risk estimates are presented for each of the endpoint species evaluated in Section 4. 

Wildlife risks are estimated by comparing exposure estimates to the TRV for each endpoint 

species and pathway. These comparisons are portrayed graphically in Figures 5-1 through 5-7 

for ease of interpretation. The bars in the figures represent the exposure estimates expressed as 

concentrations in soil, sediment, or prey. The horizontal lines represent the TRV-~quivalent 

concentrations for each endpoint species. For any given scenario, three interpretations are 

possible. First, if the line representing the NOAEL is above the bar representing the exposure 

concentration, the exposure is less tha~ the toxicity threshold and there is no risk. Second, if the 

bar is above the NOAEL but below the line representing the LOAEL, then there is a potential 

risk; however, the likelihood of toxicologically significant adverse effects is uncertain. Third, if 

the bar is above the LOAEL, then adverse toxicological effects are predicted. 

5.1.1 Wildlife Risk Estimates 

Section 4 analyzes exposure and effects for two major forms of mercury: inorganic 

mercury and methylmercury. The primary pathway for exposure of wildlife to inorganic 
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mercury is through incidental ingestion of sediment and soil. The primary pathway for exposure 

of wildlife to methylmercury is through the food chain. As discussed below, no potential risks 

are identified for incidental ingestion of inorganic mercury in abiotic media, whereas a variety of 

receptors are at risk from exposure to methylmercury through ingestion of contaminated prey. 

The potential risks of incidental ingestion of inorganic mercury in soil or sediment for 

the American avocet, red-tailed hawk, and coyote are shown on Figure 5-1. Incidental ingestion 

of inorganic mercury in soil does not appear to pose a risk for the hawk and the coyote at the Six 

Mile Canyon location, even if the animals are always in a contaminated location. Simtlarly, 

incidental ingestion of sediment does not pose a risk for the American avocet at Lahontan 

Reservoir. The absence of risks from incidental ingestion can be largely attributed to the very 

low bioavailability and toxicity of the inorganic forms of mercury likely to be present in tailings, 

soils, and sediments at the site (e.g., mercuric sulfide and elemental mercury), and the small 

fraction ofmercUflc chloride (10%) assumed to be present (see Section 4.2.1). 

Methylmercury dietary risks for the great blue heron are shown on Figure 5-2. Potential 

risks are identified both for the diet containing 50% crayfish and for the diet containing 0% 

crayfish at all of the Carson River locations downstream from the background location 

(Ruhenstroth Dam). Estimated dietary concentrations are marginally above both the NOAEL 

and the LOAEL at Santiago Rums, and significantly above the NOAEL and the LOAEL at both 

the Dayton State Park and Fort Churchill locations. As shown on Figure 5-2, risk estimates for 

the heron are not very sensitive to the percentage of crayfish in the diet, since crayfish and small 

fish contained roughly equivalent concentrations of methylmercury in their tissues. 

Similarly, potential risks are identified for mink and osprey at Carson River locations 

(see Figure 5-3). The magnitude ofNOAEL exceedances is similar to the pattern observed for 

the heron. However, the dietary concentrations estimated for the mink do not exceed the 

LOAEL at Santiago Ruins, and there is only a marginal exceedance of the LOAEL at Dayton 

State Park and at Fort Churchill. Figure 5-3 also shows the exposure estimates for mink and 

osprey at reservoir locations (background and Lahontan Reservoir). The methylmercury 

concentration of the diet containing 0% walleye at Lahontan Reservoir exceeds the osprey 

NOAEL and LOAEL and is greater than the NOAEL but less than the LOAEL for the mink. 

However, the diet containing 50% walleye at Lahontan Reservoir significantly exceeds the 

LOAELs for both species. Neither species is expected to have a diet containing such a large 

percentage of walleye or other gamefish, but the analysis demonstrates the sensitivity of the risk 

estimates to incorporation of predatory gamefish in the diet of piscivores at the site. 
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Methylmercury dietary risks for the cormorant ar~ shown on Figure 5-4. As with the 

mink and osprey, risk estimates are sensitive to incorporation of walleye in the diet. The diet 

containing 0% walleye is only marginally above the LOAEL at Lahontan Reservoir, whereas the 

diet containing 50% walleye significantly exceeds the LOAEL. 

Compared with the piscivorous heron, mink, osprey, and cormorant, methylmercury 

dietary risks are generally lower for the insectivorous American avocet (see Figure 5-5). 

However, the bank swallow diet containing 100% caddisflies exceeds the NOAEL and LOAEL 

at all Carson River locations (including Ruhenstroth Dam). The avocet and bank swallow diets 

containing 100% midges at Lahontan Reservoir are below the NOAELs for both species. 

For the terrestrial predators, methylmercury dietary risks are identified for the coyote 

and for the red-tailed hawk at Santiago Ruins, and for the coyote at Six Mile Canyon (see Figure 

S-6). The risks are sensitive to the frequency of exposure at both locations. At Santiago Ruins, 

the dietary scenario using FR=1 exceeds the LOAEL for both species, whereas the scenario with 

FR=O.S is less than the LOAEL for both species and the NOAEL for the hawk, but exceeds the 

coyote NOAEL by a factor of 2. The risks are generally lower at Six Mile Canyon, where the 

coyote diet exceeds the NOAEL with FR=I but is less than the NOAEL with FR=O.S. Since it is 

unlikely that hawks and coyotes spend 1 00% of their time in the areas represented by the 

Santiago Ruins and Six Mile Canyon sampling locations, the risks are believed to be represented 

more realistically by the FR=0.5 scenario. 

Mercury risk estimates based on tissue residues and effects levels for the piscivorous 

cormorant and the insectivorous bank swallow are shown on Figure 5-7. The tissue residue data 

tend to confirm the dietary risk estimates in that swallow tissue residues are generally bel?w the 

TRV for feathers and only marginally above the TRVs for blood and liver at Lahontan Reservoir, 

whereas cormorant tissue residues are well above the TRVs for blood and feathers at Lahontan 

Reservoir. The magnitude of the exceedance of the blood and feather TRVs at Lahontan 

Reservoir suggests that cormorants are exposed to high levels of mercury in their diet, indicating 

that cormorants may be incorporating a significant percentage of the more highly contaminated 

gamefish in their diet. 

In summary, methylmercury dietary risks are identified at site locations from Santiago 

Ruins to Lahontan Reservoir for piscivorous endpoint species, including the great blue heron, 

mink, osprey, and double-crested cormorant, and for an insectivorous species (bank swallow) at 

three Carson River locations. The magnitude of the potential risks varies with dietary composi

tion and sensitivity of the receptor but, in general, the risks appear to be greatest for Lahontan 
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Reservoir receptors consuming gamefish as a significant percentage of their diet (e.g., mink, 

osprey and double-crested cormorant). 

Tissue data for the cormorant are consistent with the high-end exposure estimates, and 

confirm that the double-crested cormorant is at significant risk of adverse effects. Lower or 

negligible potential risks are identified for insectivores (American avocet and bank swallow at 

Lahontan Reservoir) and terrestrial predators (red-tailed hawk and coyote). It is noteworthy that 

potential risks are identified at Carson River locations from Santiago Ruins to Fort Churchill 

(i.e., exceedances of methylmercury NOAELs are predicted for essentially the entire site). With 

one exception (bank swallows at Ruhenstroth Dam), no risks are identified at background 

locations, and risks of incidental ingestion of inorganic mercury in soil or sediment are minimal. 

5.1.2 Aquatic Life Impacts 

Two limited field investigations were completed in an attempt to more directly identify 

tmpacts of mercury on aquatic life. A benthic survey was conducted to evaluate effects on 

benthtc macroinvertebrate communities using rapid bioassessment techniques (see Appendix C). 

The survey identified moderate impairment of benthic commimities at the Santiago ~uins and 
) 

Fort Churchill investigation areas compared to the Ruhenstroth Dam background area. The types 

of effects on macroinvertebrate communities evaluated in the survey include changes in the 

number and diversity of species, and dommance of the community by pollution-sensitive or 

insensitive species. While the impairment corresponds generally with increasing levels of 

mercury in the surface water and sediment at these locations, the results do not conclusively 

support the hypothesis that mercury ts adversely effecting on benthic life. As discussed in 

Appendix C, levels of ionic mercury and methylmercury m sediment porewater and surface 

water are well below effects levels reported in the literature. Rather, the moderate degree of 

impairment observed may be attributable to the effects of organic enrichment, reduced flow, and 

physical habitat degradation. Evtdence for this hypothesis is discussed further in Appendix C. 

Regardless of the relative importance of mercury versus other stressors, Carson River benthic 

communities are not severely impaired. 

A limited survey of fish health was also conducted (see Appendix B). This fish "stress 

assessment" included internal and external examin~tion of the gross pathology of major organ 

systems, and calculation of a "condition factor," which is a standard measure of fish nutritional 

status based on the relationship of weight to length. No specific signs of mercury poisoning 

were observed in fish at the site. In general, most fish exammed at Lahontan Reservoir showed 

no abnormalities, nor was there evidence of nutritional stress compared with fish collected at 
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background locations. However, the possible effects of mercury on fish eggs and larvae were 

• not directly evaluated in the fish stress assessment, and these are the life stages most sensitive to 

mercury. Levels of mercury in adult fish tissue of 5 mglkg or higher have been associated with 

adverse effects on fish reproduction and development (Wiener and Spry 1996). Walleye at 

Lahontan Reservoir averaged >5 mg/kg in this study (see Section 3), suggesting the potential for 

adverse reproductive effects of mercury on top predatory fish at the site. 

Overall, with the possible exception of top predatory fish such as walleye, the results of 

the fish and macroinvertebrate surveys indicate little or no impact of mercury on aquatic life. 

Rather, populations in the field aie more likely to be affected by a variety of physical habitat 

stressors, which either obscure or overwhelm any relationship of ecological health to mercury 

contamination. 

5.2 Ecological Significance 

Given the high levels of mercury at the site, it is not surprising that potential risks are 

identified for some fish and wildlife species. The goal of this section is to help risk managers 

determine the ecological significance of the risk estimates, and to develop a better understanding 

• of system properties that could influence the risks. This section addresses the ecological 

significance of several factors that could affect the risks of adverse ecological effects of mercury 

at the site, including the chemical form of mercury, food chain dynamics, spatial variation in 

environmental conditions and wildlife utilization, and transport of mercury into Lahontan 

Reservoir from the Carson River. The four questions and working hypotheses presented in 

Section 2.4 provide a useful way of framing the discussion of ecological significance. Below, 

each of the questions and hypotheses is restated, along with a discussion of how key findings 

support or refute each hypothesis. 

• 

Question (1): What is the form of mercury in sediments and biota? 

Working Hypothesis (1): In contrast to many mercury-contaminated aquatic systems, a 

relatively small fraction of the mercury in the Carson River system was expected to be methyl

ated, lessening risks to fish and wildlife at the site. 

• This study confirms the findings of other researchers that methylmercury is 
only a small percentage of total mercury in surface water and sediment at the 
site. The low methylmercury fraction is believed to result from the relatively 
unavailable form ofthe mercury, and conditions unfavorable for methylation. 
Nevertheless, absolute levels of total mercury and methylmercury are high, 
allowing methylmercury to accumulate in the food chain to potentially toxic 
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levels. Virtually all ofthe mercury in biota is in the form of methylmercury, 
particularly at the highest trophic levels (e.g., predatory gamefish and 
piscivorous wildlife). 

Question (2): What organisms are at risk of exposure and toxic effects of mercury? 

Working Hypothesis (2): While predators at the top ofthe aquatic food chain were expected to 

be at greatest risk, risks to other aquatic receptors lower in the food chain and/or risks to 

terrestrial receptors could also be significant. 

• The risk analysis supports the hypothesis that the greatest risks are for 
piscivorous birds such as cormorants. Levels of mercury measured in the 
prey and tissues of these birds are among the highest reported in the litera
ture. Adverse effects on behavior, reproduction, survival, and health of 
waterfowl and other birds following exposure to mercury at or above these 
levels have been reported in the literature. Other piscivores whose tissue 
levels were not measured such as mink, osprey, and great blue heron were 
also predicted to be at risk based on estimates of mercury in their diets. 

• The risk analysis does not support the hypothesis that risks to other aquatic 
receptors lower in the food chain and/or risks to terrestrial receptors are 
significant. The risk analysis predicts that insectivores, terrestrial receptors, 
and other non-piscivorous wildlife are not likely to experience adverse 
effects from exposure to methylmercury through the food chain, with the 
possible exception of birds feeding on emergent insects in the Carson River. 
Risks of adverse effects resulting from direct exposure to inorganic mercury 
in soil, sediment, water, and are also likely to be minimal. Studies per
formed by the USFWS at Stillwater National Wildlife Refuge (NWR) and 
Carson Lake support the hypothesis that non-piscivorous waterfowl and 
wading birds are ~ot at significant risk of adverse effects. The USFWS 
studies did not identifY adverse effects on hatch success, teratogenesis, nest 
success, or waterfowl production attributable to mercury (Hallock 1993). 
Finally, the limited field surveys of benthic macro invertebrates and fish also 
failed to provide any direct evidence of impacts on aquatic life related to 
mercury. 

Question (3): How do risks vary spatially? 

Working Hypothesis (3): Mercury risks were expected to be greatest for organisms in Lahontan 

Reservoir and areas farther downstream, rather than in upstream portions of the Carson River. 

• As discussed above, the risk estimates support the hypothesis that risks are 
greatest for piscivorous birds and mammals at Lahontan Reservoir, particu
larly if gamefish form a significant part of their diet. However, these greater 
predicted risks do not appear to result from higher levels of methylmercury 
in reservoir surface water and sediment compared with upstream locations 
(see Section 3 and discussion following Question No.4). Rather, the pre
dicted risks appear to be related to the trophic structure of the community: at 
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least four aquatic trophic levels are present in the reservoir (i.e., 
phytoplankton, zooplankton, forage fish, and predatory fish) compared with 
three trophic levels at riverine locations (periphyton, benthic invertebrates, 
and forage fish). The data suggest that the fourth trophic level in the reser
voir results in biomagnification of mercury to concentrations approximately 
five to 10 ten times greater than concentrations in the third trophic level. 

The hypothesis of greater risk for organisms in Lahontan Reservoir compared 
with upstream portions of the Carson River is not supported for insectivorous 
receptors such as the bank swallow (see Figure 5-5). This is a result ofthe 
comparatively low concentrations of mercury in benthic invertebrates (midge 
larvae) at Lahontan Reservoir compared with benthic invertebrates (caddisfly 
larvae) at upstream locations. Reservoir shallow-water insectivores such as 
"the American avocet are also predicted to be at low risk. 

In addition, piscivores such as the mink and osprey are expected to be at 
greater risk at Lahontan Reservoir only if large gamefish make up a signifi
cant part of their diet (see Figure 5-3). If these receptors were to consume 
smaller fish, their risks would be higher at locations upstream in the Carson 
River, such as Dayton State Park, where some of the highest levels of mer
cury in forage fish were observed (see Table 4-2). High levels of 
methylmercury were also measured in surface water and sediment at this 
location during extreme low flow conditions (see Section 3 and discussion 
below) . 

Question (4): How does mercury enter the food chain in Lahontan Reservoir? 

Working Hypothesis (4): Sources of mercury to Lahontan Reservoir include advective inflow 

from upriver, and within-reservoir flux of mercury from sediment to surface water. As a result 

of the inflow and deposition of inorganic mercury from the river, followed by the production of 

methylmercury in reservoir sediments the within-reservoir production was expected to be the 

principal source of methylmercury entering the food chain. 

IJ As discussed in Section 3.4, the hypothesis that within-reservoir production 
is the principal source of methylmercury entering the food chain is not 
supported by the results of the investigations. Rather, the evidence suggests 
that within-reservoir production is a less significant source of methylmercury 
than inflow from the Carson River. Erosion oftailings deposits in the river 
channel and banks and resuspension of sediments during high flow are 
significant sources of particulate mercury at upstream locations. Limited 
evidence from this study also suggests that significant methylation may occur 
during low flow conditions in isolated river pools. The Carson River delta 
also appears to be a potentially large source of methylmercury input to the 
Lahontan Reservoir during flood stages. Upon entering the reservoir, 
methylmercury is readily taken up by lower trophic levels (i.e., 
phytoplankton and zooplankton) and accumulated in the food chain. Addi
tional investigation is required to determine how mercury is transformed to 
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bioavailable'forms, methylated, and taken up by organisms in the river and 
reservoir. 

5.3 Uncertainties of the Risk Assessment 

This section discusses the main uncertainties of the ecological risk assessment, evaluates 

the sufficiency and adequacy of the exposure and effects data, and provides guidance on the level 

of confidence that should be placed in the risk estimates. In some cases, uncertainties are 

inherent to the ecological risk assessment process. In other cases, uncertainties are related to 

data gaps in the investigations that could be addressed in further sampling or assessment 

activities. The uncertainties in the ecolqgical risk assessment are generally addressed qualita

tively rather than quantitatively. However, wherever possible, an estimate of the magnitude of 

the uncertainties is provided. 

A substantial effort was made at collecting site-specific data rather than depending on 

default values for assessing risks at the site. Nevertheless, there is a practical limit on the 

amount of data that can be collected, and there are several areas where further investigations 

could be conducted. For example, the source of mercury exposure for top predators is subject to 

uncertainty since there is no site-specific information on their actual dietary composition. The 

risk characterization shows that the risk estimates for piscivorous birds and mammals are very 

sensitive to dietary composition since gamefish have much higher concentrations of mercury 

t~an other types of fish at the site. In addition, there is no detailed information on the effects of 

mercury on the reproductive success of the most highly exposed fish and piscivores such as 

cormorants. 

Conservative assumptions are used in the risk analysis regarding the use of the site by 

these and other receptors, their exposure, and their sensitivity to mercury. The risk assessment 

relies on extrapolations from limited data on mercury bioaccumulation and toxicity in test 

species. For example, although significant risks are predicted for cormorants, the predicted risks 

are based on comparisons of cormorant dietary intake and tissue mercury levels with literature

based toxicity thresholds derived from studies of unrelated species of birds (such as mallards and 

hawks) with different feeding habits. While interspecies comparisons are an accepted approach 

for identifying ecological risks, it is possible that cormorants are particularly prone to accumula

tion of mercury in their tissues and/or are more tolerant to adverse physiological effects of 

mercury compared with other birds. For example, a study of cormorants exposed to mercury 

from mining wastes in South Dakota revealed mercury residues in their tissues two to I 0 times 

higher than tissue residues in other piscivorous birds from the area, such as pelicans and great 
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blue herons (Hesse et al. 1975). The cumulative effect of these assumptions is to overestimate 

risks. It is important, therefore, to interpret the predicted risks with caution, particularly in light 

of the absence of observed or documented impacts. 

If further investigation were to confirm the absence of effects on piscivores, the Carson 

River site would represent a remarkable case of pollution resistance in a natural ecosystem, with 

implications for understanding the impacts of mercury in other regions. One hypothesis for the 

lack of observed effects of mercury contamination is the presence of mercury in the environment 

for more than I 00 years, which could lead to physiologic adaptations by local populations to 

mercury stress. The effects of multiple stressors at the site (e.g., drought, anoxia, nutrient 

enrichment, habitat degradation) may also have shifted the populations and communities residing 

at the site to those more tolerant of a variety of chemical and physical stressors, including 

mercury. The benthic macroinvertebrates survey (see Appendix B) provides limited evidence for 

the predominance of stress-tolerant insects at the site. Other researchers have also hypothesized 

that the presence of selenium may protect animals from the toxic effects of mercury. In this 

study, greater selenium levels were found in the livers of swallows from Lahontan Reservoir 

than in swallows from the background area (see Section 3.3.6), and may provide some level of 

protection to the birds . 

The interpretation of fate and transport of mercury presented in this assessment is also 

subject to uncertainty. For example, the mechanisms of mercury methylation and demethylation 

were not investigated. The Carson River appears to be a major continuing source of methyl

mercury to Lahontan Reservoir, yet little is known of how mercury is ~ansformed from 

inorganic forms to methylmercury in the river system. The potential importance of flow 

conditions is suggested by the data, but further investigation of the methylation process is 

needed. In addition, there is limited knowledge of the spatial distribution and detailed transport 

dynamics of mercury in the floodplain of the river from Dayton downstream. 

The uncertainties of estimating mercury concentrations in environmental media were 

substantially reduced in this assessment by using ultraclean methods and the latest and most 

accurate speciation techniques. However, an artifact in the analytical methods for 

methylmercury can result in up to a 30% overestimation of methylmercury in samples containing 

high concentrations of inorganic mercury or in samples with high organic matter content. Since 

the result ofthe artifact is an overestimation of methylmercury, it does not affect our interpreta

tion of the low rate of mt:thylmercury production at the site compared with other systems . 

Moreover, the artifact probably has little effect on the levels of mercury in filtered samples, and 

should not affect the interpretation of mercury transport and fate dynamics at the site. 

02 ZS3490_D4700.02116198·DI 5-9 



Uncertainties related to a preliminary mass balance model of mercury in Lahontan 

Reservoir are presented in Appendix G. 
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• 
6 Conclusions 

The studies described in this report confirm the presence of high concentrations of 

mercury in surface water, sediment, and biota at the Carson River site. The majority of the 

mercury in water, sediment, and soil is in a relatively nontoxic and biologically unavailable 

form, but significant levels of methylmercury, the most toxic form of mercury, are entering and 

biomagnifying in the food chain. 

High flows in the Carson River play an important role in mobilizing mercury-rich 

tailings deposits from bed sediments and river banks, and transporting methylmercury and other 

forms of mercury downstream. Evidence suggests that inflow of methylmercury from the 

• Carson River at high flow is sufficient to produce the levels observed in the Lahontan Reservoir 

water column, and that methylmercury production in the river is particularly significant during 

periods of low flow, when anoxic conditions may develop in river sediment. 

• 

The ecological risk assessment predicts significant risks of methylmercury poisoning for 

some species of wildlife at the site, particularly piscivorous birds, mammals, and gamefish at the 

top of the aquatic food chain. The risks are greatest for piscivorous species feeding on highly 

contaminated gamefish at Lahontan Reservoir. Nonpiscivores at the site, including insectivores, 

terrestrial predators, benthic macroinvertebrates, and forage fish are predicted to be at lesser risk. 

With the possible exception of insectivorous birds at some contaminated locations in the Carson 

River, adverse effects on most of these species are expected to be minimal. Obvious signs of 

mercury poisoning were not observed at the site, but the potential for lethal or sublethal effects 

on species predicted to be at the greatest risk cannot be discounted without further investigation . 
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This appendix describes the regional ecology of the Carson River study area, and 
I 

includes a description of its dominant ecological communities and species and ecosystems of 

regulatory concern. In addition to the Carson River system, the study area includes background 

locations in Carson City County,' Storey County, Douglas County, Washoe County, Churchill 

County, and Lyon County, Nevada. Information regarding the ecology of the study area was 

collected during ground-level and aerial surveys in October 1993; meetings with biologists from 

the United States Geological Survey (USGS), United States Fish and Wildlife Service (USFWS), 

and Nevada Department of Wildlife (NDOW); discussions and meetings with scientists from the 

Desert Research Institute (DRI) and University ofNevada, Reno (UNR); review of USGS 

topographic maps and aerial photographs of the river and reservoir; and extensive field surveys 

conducted in 1994. 

The field investigations and detailed ecological characterization are limited to areas 

upstream of Lahontan Dam, including Lahontan Reservoir. The area below the dam, which 

includes significant shallow-water lake and marshland habitats such as Carson Lake and 

Stillwater marsh, was not characterized in the field studies. However, federally listed and state

listed species throughout the area were identified and described (see Section A.3). In addition, 

the general ecological features of unique/sensitive ecosystems below the Lahontan Dam are 

described (see Section A.4). 

A.1 Regional Ecology 

The Carson River drainage basin covers 3,980 square miles of east-central California 

and west-central Nevada (see Figure A-1 ). The Carson River originates in the eastern Sierra 

Nevada mountain range south of Lake Tahoe and generally flows northeast and east to the 

Carson Desert. Average ~;tnnual precipitation ranges from 20 to 30 inches in the Sierra Nevada 

headwaters to 4 to 5 inches in the Carson Desert. The area is classified as part of the Northern 

Basin and Range Ecoregion (Omernik 1987). 

Elevation in the drainage basin ranges from approximately 11 ,000 feet above mean sea 

level (MSL) in the Sierra Nevada to approximately 3,800 feet above MSL in the Carson Desert. 

The Carson River flows through a series of generally separate alluvial valleys from the headwa

ters to the Carson Desert. Between New Empire and Dayton, the river flows through a narrow, 

high-gradient, stretch where numerous gold and silver ore-processing mills were situated during 

the late 1800s. The river is interrupted west of Fallon by Lahontan Dam, which was constructed 

• in 1915 as part of the New lands Irrigation Project. Below Lahontan Dam, flow is routed through 
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an extensive network of ditches, drains, and canals. Irrigation return flow eventually discharges 

to Carson Lake, the Stillwater marsh area, and the Carson Sink. 

The major physiographic features of the alluvial valleys of the Carson River drainage 

basin are the surrounding mountains, alluvial fans, valley lowlands, and floodplain. Alluvial fans 

extend from the surrounding mountains toward the center of each valley. In some basins, they 

merge with valley lowlands, and in others, they are truncated by the floodplain. The floodplain 

varies in width, from less than a mile wide between Dayton and Lahontan Reservoir, to several 

miles wide in the Carson Valley. Average high and low temperatures at Carson City between 

195 I and 1980 were 89 Fahrenheit (°F) in July and 20°F in December. The highest recorded 

temperature for this period was 102°F in July 1972, and the lowest was -l8°F in December 

1972. Similarly, the average high and low temperatures at Fallon were 92°F in July and l9°F in 

Dec~mber and January; the highest for this period was I OrF in July 1960, and the lowest was-

14° in December 1972 (Ruffner 1985). 

Vegetation and wildlife in the area reflect the rainshadow effect of the Sierra Nevada 

mountains. The higher elevations receive enough rainfall to support lush coniferous forests. 

However, as the elevation .and rainfall on the east side ofthe ranges ~ecreases (towards the Great 

Basin), the vegetation and wildlife become more tolerant of arid conditions and concentrate 

along the riparian corridors of streams that flow from the mountains into the shallow and 

ephemeral interior lakes and wetlands. The distribution of vegetation zones is largely determined 

by elevation and moisture. Vegetation zones include the pinyon pine-juniper scrub at higher 

elevations, tall sagebrush steppe on dry hillsides and plateaus, cottonwood-willow riparian 

wetlands, and lush emergent marshes around the lakes. 

A.2 Ecological Characterization of the Study Area 

The following sections identifY and describe the physical setting, upland and riparian 

vegetative communities, aquatic resources, and wildlife utilization associated with the three 

primary ecosystems in the study area: the Carson River Canyon Ecosystem, the Carson River 

Valley Ecosystem and the Lahontan Reservoir Ecosystem. 

The river characterization includes the stretch of the Carson River from Ruhenstroth 

Dam, a background sampling location on the east branch of the river, to the river's confluence 

with Lahontan Reservoir (see Figure A-1 ). Section A.2.1 describes the riverine, riparian, and 

upland ecosystems of the Carson River as it flows through a series of steep mountain canyons; 

Section A.2.2 describes the ecology of the river in the Carson and Dayton valleys. Section A.2.3 

describes the Lahontan Reservoir ecosystem, including the delta at the confluence of the river 
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and the reservoir; the open water habitats; seasonal mudflats around the reservoir edges; and the 

• shoreline ecosystem. These sections are based primarily on the results of the June and August 

1994 field investigations. Tables A-1 and A-2 provide a list of the dominant plant species and 

common animal species, respectively. 

• 

A.2.1 Carson River-Canyon Ecosystem 

Physical Description 

East of Carson City, the Carson River flows through a series of canyons where mill 

sites were located in the 1800s (see Figure A-2). The canyons are steep-sided with slopes up to 

80%, and elevations to 800 feet higher than the surrounding terrain. The canyon walls are often 

covered with unstable coarse gravel and boulders, known as talus, which support minimal 

vegetation. More gently sloped, moderately to densely vegetated areas occur adjacent to the 

river. Much of the area has experienced heavy erosion, which was evident by numerous gullies 

and washout areas. 

Vegetative Communities 

The canyon ecosystem includes three distinct vegetative communities: pinyon pine

juniper forest, sagebrush steppe, and cottonwood-willow forested/scrub-shrub riparian wetland 

(see Table A-1 ). The pinyon pine-juniper forest generally occurs at the mid- to upper-elevations 

throughout the canyon ecosystem. The areal coverage ofthis community consists of approxi

mately 30% trees (overstory), 35% shrubs (understory), 20% grasses and forbs (herbaceous), and 

15% unvegetated. The overstory is dominated by single-leafpinyon pine (Pinus moreophylla) 

and Utah juniper (Uniperus osteosperma); the understory is dominated by big sagebrush 

(Artemisia tridentata), rubber rabbitbrush (Chrysothamnus nauseasas), russian thistle (Salsota 

kalr), and pine and juniper saplings. The herbaceous layer consists of forbs such as blazingstar 

(Mentzelia laevicolmis) and various species of grass. 

Lower on the canyon slopes sagebrush-steppe replaces the pinyon pine-juniper 

community. The sagebrush steppe is the most commonly found vegetative community in the 

canyon ecosystem, and extends from mid-elevation ofthe canyon slopes to the narrow 

cottonwood-willow riparian forested/scrub-shrub wetland located along the river's edge. The 

areal coverage of this vegetative community consists of approximately 40% big sagebrush, 

• rubber rabbitbrush, and russian thistle (shrubs); and 40% offorbs such as blazingstar, green 
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ephedra (Ephedra Virdis), white sweet clover (Melilotus a/bus), and several grasses 

(herbaceous). The remaining areas are exposed soil or rock. 

The cottonwood-willow forested/scrub-shrub wetland occurs in the riparian zone 

adjacent to the Carson River from Ruhenstroth Dam to Lahontan Reservoir. The areal coverage 

of this community consists of approximately 40% trees (overstory), SO% shrubs (understory), 

and I 0% herbaceous species. The dominant species in the overstory is Fremont cottonwood 

(Populus fremontii); the understory primarily consists of cottonwood saplings, sandbar willow 

(Salix interior), and currants (Ribes spp.). The herbaceous layer includes common mullein 

(Verbascum thopsus), bull thistle (Cirsium vulgare), cattails (Typha latifolia), and various 

species of horsetails (Equisetum spp.) and sedges (Carex spp.). The plant species' composition 

and maturity varies greatly within this community. In some areas, the overstory consists of 

mature cottonwood trees; in other areas, there are no cottonwoods but a dense thicket of willows 

and currants; and in some places, the talus slopes extend to the river with no vegetation present. 

Aquatic Resources 

The Carson River is the major aquatic resource in the canyon ecosystem. Canyon river 

reaches are typically fast moving, with numerous riffle/run areas, and have moderate to heavy 

bank erosion with moderate amounts of gravel bar formation. The bottom substrate consists of 

approximately 5% boulder, 55% cobble, 30% gravel, 5% sand, and 5% silt. The stream channel 

is 1 00 to 
1
250 wide at high water mark, 8 inches to 3 feet deep in the riffle/run areas, and 3 to 

greater than 6 feet deep within the pools. 

At the time of the survey (August 1994), a moderate amount of siltation was observed: 

the water was clear and only slightly turbid. The water quality parameters varied at different 

locations along the river, and included the following: temperatures ranged from l9°C to 23 oc; 

dissolved oxygen ranged from 7.8 mg!L to 9.1 mg!L; the pH ranged from 8.4 to 8.6; and the 

conductivity ranged from 295 !J.S/cm to 510 !J.Sicm. The stream flow velocity during the field 

survey averaged 0.41 feet/second (ft/sec) with a range from 0.36 ft/sec to 0.49 ft/sec. 

During the field survey no coarse particulate organic matter (CPOM) was found at the 

investigation areas. Extreme flows during spring melt followed by low water during the late 

summer may be responsible for this lack of CPOM. 
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Fish and Wildlife Utilization 

The canyon ecosystem provides excellent nesting, breeding and foraging habitat for a 
variety of fish and wildlife species (see Table A-2). These include invertebrates, fish, reptiles, 

amphibians, birds, and mammals, as described below. 

The invertebrates associated with the canyon ecosystem include both terrestrial and 

aquatic species. Terrestrial invertebrates observed in all three cover types during the field 

surveys include ants, beetles, moths, butterflies, and grasshoppers. Aquatic insects observed 

include larval stages of stoneflies, mayflies, and caddisflies, representing the major functional 

feeding groups (filter/collectors, shredders, and predators). Crayfish were also common in the 

canyon reaches of the river. 

Fish species observed or collected from the Carson River through the canyon 

ecosystem include a variety of warm-water species such as Tahoe suckers (Catostomus 

tahoensis), common carp (Cyprinus carpo), green sunfish (Lepomis cyanellus), and smallmouth 

bass (Micropterus dolomieni). The Ruhenstroth Dam background location is located at the 

boundary of the coldwater and warm water fisheries and supports a variety of native and stocked 

fish, including the mountain sucker (Catostomus platyrhynchus), Tahoe sucker, brown trout 

(Salma trutta), rainbow trout ( Oncorhynchs mykiss), speckled dace (Rhinichthys osculus), and 

Lahontan redside (Richardsonius egregius). Aquatic invertebrates and small fish are the primary 

food items of these fish species. In addition, these fish are an important food item for 

piscivorous mammals and birds. 

A variety of reptiles and amphibians are likely to occur in the canyon ecosystem; 

however, only a few were observed during the field surveys. The western fence lizard 

(Sceloporus occidentalis) was observed throughout the canyon ecosystem, except for areas 

immediately adjacent to the river. This lizard utilizes rock crevices, talus slopes, and dense 

patches of vegetation for shelter and cover as well as for locating ants, beetles and other prey. 

The western diamondback rattlesnake (Crotalus atrox) and many other snake species feed on the 

small mammals, lizards, amphibians, and birds found throughout the canyons. In addition, a 

number of amphibians including the western toad (Bufo boreas), Great Basin spadefoot 

(Scaphiopus intermountanus), and bullfrog (Rana catesbeiana) are likely to occur in the canyon 

ecosystem. 

A variety of songbirds and raptors were observed in the canyon ecosystem. For 

example, the bank swallow (Riparia riparia) uses the river channel and adjacent wetland habitats 

for nesting and foraging; a large colony was observed at the Ruhenstroth Dam background area. 

The golden eagle (Aquila chrysaetos) benefits from the variety of habitat types: it nests in rocky 

crevices at higher elevations, feeds on rabbits and lizards in the sagebrush and pinyon pine-
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juniper habitats, and on fish in the shallow waters of the Carson River. The American dipper 

(Cinulus mexicanus) was observed feeding in the riffle/run areas along the river. The dipper 

feeds along the stream bottom (underwater) on aquatic insects. 

Mammals also were observed in the canyon ecosystem. For example, the blacktail 

jackrabbit (Lepus californicus) was primarily observed in the open sagebrush steppe, foraging on 

herbaceous plants. Few small mammals were directly observed during the field survey, but there 

was evidence of their activity in the area (i.e., droppings, chewed vegetation, and trails). The 

deer mouse (Permoyscus maniculatus), Great Basin kangaroo rat (Dipodomys microps), and 

whitetail antelope squirrel (Ammospermophilus leucurus) utilize the rocky talus slopes, 

sagebrush steppe, and pinyon pine-juniper communities for feeding and nesting. Evidence of 

beaver (Castor canadensis) activity included numerous lodges and chewed tree stumps observed 

along the river. Coyotes (Canis latrans) were observed throughout the canyon ecosystem. They 

seek shelter and hunt small mammals and other prey in the natural caves and.tunnels found in the 

talus slopes and forage along the river for crayfish and fish in shallow water. Wild horses 

(Equus cabal/us) and mule deer (Odocoileus hemionus) were observed grazing on the sagebrush 

steppe slopes and drinking in the Carson River streambed. However, during the hotter times of 

the day, the horses and deer could been seen seeking shade in the pinyon pine-juniper 

com~ unity. 

A.2.2 Carson River-Valley Ecosystem 

Physical Description 

For classification purposes, valley ecosystems are defined in this report as the wide 

floodplains located along the Carson River within the Carson Valley and Dayton Valley (see 

Figure A.2). Carson Valley is primarily located upstream of Carson City. Agricultural areas 

upstream of Carson City are scattered throughout the valley. Dayton Valley, located below 

Dayton, also contains areas of agricultural development. Both of the valleys are relatively flat 

and broad. 

Vegetative Communities 

The major vegetative communities found in undisturbed portions of the valley 

ecosystems include the Great Basin sagebrush steppe, alkali/playa flats,'and forested/scrub-shrub 

cottonwood-willow wetlands. Agricultural uses include grazing and alfalfa crops (see Table 

A-1). 
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The Great Basin sagebrush steppe occurs in drier upland areas, and is similar in 

vegetative structure to the sagebrush steppe found in the canyon ecosystems. The areal coverage 

consists of approximately 30% sagebrush and 40% herbaceous ground species. The remaining 

areas consist of bare soil and-rocks. The sagebrush layer is composed primarily of big sagebrush, 

Russian thistle, and rubber rabbitbrush; and the herbaceous layer includes green ephedra and 

various species of grass. The primary difference between the Great Basin sagebrush steppe and 

the canyon sagebrush steppe is that the former is more arid. 

The playas or alkali flats are scattered throughout the Great Basin sagebrush steppe. 

This community consists of a shallow seasonal wetland typically created by soow melt or spring 

runoff, with very little permanent vegetative cover. Due to the high salt concentrations in the 

soil, only salt tolerant species such as greasewood (Purshia tridentata) and shadscale (Atriplex 

sp.) thrive in the alkali flats. 

The cottonwood-willow forested/scrub-shrub wetland is located adjacent to the river 

and many of the oxbows in the valley ecosystem, and is very similar in species composition to 

the canyon ecosystems. The areal coverage of this community consists of approximately 30% 

trees (overstory), 40% shrubs (understory), and 30% herbaceous species. The dominant species 

in the overstory is Fremont cottonwood; the understory is dominated by sandbar willow and 

cottonwood saplings; and the herbaceous layer primarily consists of common mullein, bull 

thistle, cattails (Typha spp. ), and various species of sedges. In addition, there are a few areas 

adjacent to the river, oxbows, and seeps that are dominated by emergent vegetation. These areas 

generally consist of cattails, sedges, rushes, and duckweed (Lemna spp. ). In some areas, grazing 

cattle have severely degraded the understory and herbaceous layer, allowing grass and clover to 

invade from adjacent agricultural fields. 

Agricultural areas in the .valley ecosystems are near the Carson River, water diversion 

channels, and oxbows and sloughs. These agricultural areas were originally part of the Great 

Basin sagebrush steppe or the riparian wetlands. Agricultural areas have no overstory except for 

a few isolated Fremont cottonwoods or planted Lombardy poplars (Populus nigra). Similarly, 

the understory in the agricultural areas is sparse and consists of a few scattered stands of willow 

and cottonwood saplings around the old oxbows, or small pockets of sagebrush and thistle 

located along fences and roads. The areas almost entirely consist of a dense herbaceous layer 

dominated by clover and grass . 

Aquatic Resources 

Similar to the canyon ecosystems, the major aquatic resource associated with the 

valley ecosystems is the Carson River. Water level varies seasonally; in the spring the river may 
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overflow its banks, and during the dry summer drought may leave only isolated pools of water 

along the primarily dry streambed. Typically, the valley river reaches consist of shallow 

riffle/run areas, slow flowing areas, and deep pools. The river banks are typically relatively high 

(6 to 10 feet), steep (60% to 80% slope), and severely eroded. The bottom substrate in the 

. riffle/run areas consists of approximately 35% cobble, 55% gravel, 5% sand, and 5% silt; the 

deep pools have silt-covered bottoms with scattered boulders; and the slow flowing shallow areas 

have a sandy/silty bottom. The stream width ranges from approximately 200 to 350 feet at high 

water mark, and the actual water channel ranges between 20 to 50 feet wide. Water depth ranges 

between 3 to 8 feet in the deep pools and between 6 inches and 3 feet in the riffle/run areas. 

During late spring and summer months the water is relatively clear and only slightly turbid 

throughout the riffle/run section; in early spring, during high water periods, the water is very 

turbid. 

Water quality parameters vary depending on the time of year and the stream location. 

During the August 1994 field survey temperatures ranged between I9°C to 27°C; dissolved 

oxygen ranged from 7.6 mg/L to 8.5 mg/L; pH ranged from 8.4 to, 8.6; and the conductivity 

ranged from 295 J.LS/cm to 510 J.LS/cm. The stream velocity averaged 0.41 ftlsec in the riffle/run 

areas, and 0.15 ftlsec in the deep pool areas. 

Oxbows and sloughs are found throughout the Carson River floodplain. The oxbows, 

which are historical remains of past river channels, provide unique habitat (emergent wetland and 

open water) for a variety of birds, mammals, insects, reptiles, and amphibians. 

The oxbows and valley river reaches that are accessible to cattle are heavily grazed and 

disturbed. The major disturbances include soil instability and erosion and lack of herbaceous 

cover along the banks. This stream bank degradation ultimately leads to increased bank erosion 

and reduced water quality. 

Fish and Wildlife Utilization 

The valley ecosystem, similar to the canyon ecosystem, provides excellent nesting, 

breeding, and foraging habitat for'a variety of wildlife species (see Table A-2), as described 

below. 

The invertebrates, fish, reptiles, and amphibians associated with the valley ecosystem 

are similar to those of the canyon ecosystem (see Section A.2.1 ). Fish species observed or 

collected from the valley river reaches include the same warm water species that are discussed 

for the canyon ecosystem. The western fence lizard was observed under the sagebrush, on fence 

posts, and on rocks and tree roots. The western toad, bullfrog, and northern leopard frog (Rana 

pipiens) were observed in riparian wetlands. In addition, the painted turtle (Chrysemys picta) 
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may inhabit slow-flowing water, where it consumes aquatic insects, crayfish, fish, frogs, and 
'~ 

plants. 

Birds in the valley ecosystems include the yellow-headed blackbird (Xanthocephalus 

xanthocephalus ), which was observed in the emergent wetland areas where it builds its nests and 

feeds on spiders, insects, and seeds. The American kestrel (Falco sparverius) was observed 

foraging over open land, and along the riparian zone in search of small mammals, insects, lizards, 

and birds. In· addition, the kestrel may utilize cavities in the large cottonwood trees or snags 

found along the river for nesting. Another common bird species observed during the field survey 

was the great blue heron (Ardea herodias). Although not likely to nest in the valley areas, this 

large piscivorous bird feeds on fish and amphibians found in the shallow pools and riffle/run 

areas. 

Many of the same mammals associated with the canyon ecosystem also utilize the 

valley ecosystems, including the blacktail jackrabbit, deer mouse, Great Basin kangaroo rat, and 

Merriam shrew (Sorex merriami). Beaver, coyotes, wild horses, and mule deer are also expected. 

A.2.3 Lahontan Reservoir Ecosystem 

Physical Description 

Lahontan Reservoir is located in Churchill Valley approximately 18 miles west of 

Fallon, and is surrounded by the Dead Camel Mountains, Desert Mountains, and Virginia Range. 

The reservoir's three basins (north, south, and middle) and the surrounding upland make up the 

Lahontan Reservoir State Recreation Area. The 30,362 acre recreation area is used for fishing, 

recreational boating, and camping. 

Much of the reservoir shoreline is steeply sloped (15% to 30%). At the Narrows, a 

thin, nearly vertical channel connects the middle and north basins. During periods of drought, 

the south and middle basins become moist mudflats with muddy, silty bottoms and numerous 

exposed tree stumps. The adjacent upland areas consist of gently rolling hills. Small islands in 

the reservoir, such as Gull Island, provide important 'nesting habitat for birds. 

Vegetative Communities 

The Lahontan Reservoir Recreation Area consists of a variety of vegetative 

communities: the rolling hill uplands are dominated by the Great Basin sagebrush steppe; the 

Carson River delta consists of a densely vegetated forested/scrub-shrub cottonwood-willow 

wetland; the high-water mark along the reservoir shoreline supports a few large cottonwood 
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trees; and the seasonal mudflats support a few herbaceous plant species (see Table A-1). The 

Great Basin sagebrush steppe is similar to the river valley ecosystems (see Section A.2.2); 

however, the vegetation is denser near the reservoir. The areal coverage of sagebrush steppe 

community near the reservoir consists of approximately 55% sagebrush and russian thistle; 30% 

herbaceous species; and 15% sand and bare ground. In addition, unlike the valley ecosystem, 

greasewood and shadscale are fairly common in the Great Basin sagebrush steppe around 

Lahontan Reservoir. 

The shoreline habitat includes areas located between the sagebrush steppe and the 

high-water mark as well as the reservoir islands. These areas consist primarily of dry loose sand 

with scattered boulders (talus), especially on the islands. However, there are a few shoreline 

areas with remnant stands of cottonwood and willow trees. These trees are indicators of the 

wetland areas that were once associated with either the old Carson River streambed or the 

shoreline of the Lahontan Reservoir. The understory in these areas consists of sagebrush and 

thistle from the adjacent upland areas, cottonwood saplings, autum~ olive (Eiaeagnus 

umbellata), and thick stands ofthe introduced and invasive tamarisk (Tamarix gallica) shrub; 

there is essentially no ground cover in these areas. This vegetative community seldom supports 

an abundance or diversity of vegetation. 

Seasonal mudflats appear primarily in the south and middle basins when water levels 

drop. The growth of vegetation in these areas depends on the regularity and frequency of 

flooding. Typically, areas closer to shore are vegetated with young willow and cottonwood 

saplings, and a dense ground cover of grasses and mosses, whereas further from shore, the 

mudflats contain a few shallow pools of water and very little vegetation. In times of severe 

drought, these mudflats can dry out completely and support very little vegetative growth. 

A large delta has formed where the Carson River empties into the south basin of 

Lahontan Reservoir. The delta consists of numerous small, shallow intermittent channels and 

oxbows braided over the sandy alluvial fan. Where the river enters the reservoir, there appears to 

be a single mainstem channel, approximately 30 feet wide. The dominant cover type in the delta 

area is a forested/scrub-shrub wetland, but there are a few areas of emergef!t/scrub-shrub 

wetlands. These emergent/scrub-shrub wetlands are concentrated near the oxbows, the south 

basin, and around the outer edges of the forested delta. The emergent/scrub-shrub wetland 

consists of approximately 80% areal coverage of rushes, sedges, cattails, tamarisk and willow. 

The forested/scrub-shrub wetland dominates the interior of the delta and includes a dense 

growth of vegetation: mature Fremont cottonwood dominates the overstory; numerous willow 

species and tamarisk occur in the understory; and grasses, rushes, and sedges comprise the sparse 

ground cover. Other areas of forested/scrub-shrub wetland occur throughout the delta area and 
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are similar in species composition, but vary considerably in vegetative density. The outer edges 

of the delta tend to have a more open overstory with less mature trees and more shrubs and 

emergent vegetation. 

Aquatic Resources 

Lahontan reservoir receives the flow of the Carson River, which averaged 264,000 acre 

feet annually between 1913 and 1970 at the Fort Churchill USGS gauge (Katzer 1971 as cited by 

Cooper et al. 1983). Water also is diverted to Lahontan Reservoir from the Truckee River via the 

Truckee Canal. Since 1964, the Truckee Canal has supplied an average of 177,000 acre feet per 

year to the reservoir or about 40% of the yearly water inflow (Cooper et at. 1983 ). 

At a maximum pool elevation of 4,164 feet, Lahontan Reservoir has a surface area of 

10,900 acres with approximately 64.5 miles of shoreline (Cooper et al. 1983). The storage 

volume at capacity is estim.ated to be 290,000 acre feet. Lahontan Reservoir has a maximum 

length of approximately 17 miles and a maximum width of2.4 miles. The maximum depth is 85 

feet near Lahontan Dam in the north basin at maximum pool elevation. The mean depth is 26.6 

feet at maximum pool elevation. 

During drought conditions, the reservoir water level can drop as much as 60 feet below 

the high-water mark. The exposed bottom substrate in the north basin consists of approximately 

5% boulders (concentrated along the shore), 30% gravel, 10% cobble, 40% sand, and 15% silt. 

In addition, the water is highly turbid as a result of suspended sediment, and there is a strong 

odor present. Temperature, dissolved oxygen, conductivity, and pH were measured with field 

meters in September 1994, February 1995, and May 1995, and ranged from 6 to 20°C, 6 to 12.9 

mg/L, 182 to 1,200 JlS/cm, and 7.12 to 8.8 pH units, respectively, in surface water from the three 

basins of the reservoir. 

Fish and Wildlife Utilization · 
. ' 

Lahontan Reservoir provides excellent nesting and foraging habitat for a variety of 

wildlife species (see Table A-2), as described below. 

The insects associated with the Lahontan Reservoir area are very similar to those 

found along the Carson River, and include both aquatic and terrestrial species. A few of the 

species observed in the sagebrush steppe, shoreline, and delta areas include ants, bees, and 

wasps; beetles; butterflies and moths; flies and mosquitoes; and grasshoppers and crickets. 

• Although the majority of the reservoir and delta channels were dry during the August field 
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survey, the sandy bottoms (mudflats) and temporary pools provide breeding grounds for a variety 

of insects such as dragonflies and damselflies, and mosquitoes and midges. 

Lahontan Reservoir is managed as ·a warm water recreational and commercial fishery 

that is stocked with game fish by the state of Nevada on a regular basis. During the field 

sampling efforts conducted in 1994, a number of non-native fish including common carp, walleye 

(Stizostedion vitreum), white crappie (Pomoxis annularis), black crappie (Pomoxis 

nigromaculatus), white bass (Morone chrysops), brown bullhead (/ctalurus nebulosus), and 

Sacramento blackfish (Orthodon microlepiclotus) were collected from various areas in the 

reservoir. The blackfish are harvested commercially. In addition, a variety of small minnows 

were observed during the field surveys. 

These fish primarily feed on zooplankton, macroinvertebrates, and other small fish. 

During periods of drought and water draw-down in the reservoir, fish concentrate in the deeper 

areas of the north basin, or are stranded in shallow pools on the exposed mudflats. This isolation 

and concentration of fish creates an excellent feeding opportunity for piscivorous birds and 

mammals. 

Similar to the river ecosystems, a variety of reptiles and amphibians occur in or near 

Lahontan Reservoir. The western fence lizard, rattlesnake, western toad, and long-nosed leopard 

lizard (Gambelia wislizeniz) were observed in the sagebrush habitat, and in the rocky slopes 

along the shoreline. These species forage in the dry upland areas in search of insects and small 

mammals. In addition, the northern leopard frog, bullfrog, and painted turtle occur in the moist 

wetland areas of the delta and reservoir and along the shoreline. 

Due to the large area and diverse habitats present around Lahontan Reservoir, a variety 

of songbirds, raptors, waterfowl, and shorebirds utilize the reservoir on a regular basis. The 

forested/scrub-shrub wetland areas provide excellent cover for northern orioles (Icterus galbula), 

wild turkey (Meleagris gallopavo ), flycatchers (Empidonax spp. ), and warblers. The reservoir 

and adjacent sagebrush areas provide the preferred food items (fish, lizards, and small mammals) 

of a number of large raptors including the bald eagle (Haliaeetus leucocphalus ), golden eagle 

(Aquila chrysaetos), osprey (Pandion haliaetur), red-tailed hawk (Buteo jamaicensis), American 

kestrel, northern harrier (Circus cyaneus), great homed owl (Bubo virginianus), and turkey 

vulture (Cathartes aura). In additi<;m, the reservoir, mudflats, and islands provide excellent 

nesting and feeding habitat for numerous aquatic bird species such as the great blue heron, 

double-crested cormorant (Phalacrocorax auritus), western grebe (Aechmophorus occidentalis), 

gulls, Canada geese (Branta canadensis), snowy egrets (Egretta thula), American white pelicans 

(Pelecanus erythrorhynchos), and a variety of ducks. 
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During the 1994 summ~r field surveys, ~pproximately 25 pairs of double-crested 

• cormorants and numerous pairs of several other colonial nesting bird species were observed 

nesting on Gull Island in the north basin. Since this small island is surrounded by a plentiful 

source of food for piscivorous birds and is free of mammalian predators, it is considered an 

excellent nesting area. According to USFWS records, Gull Island has supported colony nesting 

bird populations since 1986 when the USFWS first began areal survey counts. From 1986 to 

1995, the number of species and the number of nesting pairs per species increased (Janik 1995), 

except for nesting great blue heron pairs, which decreased. In addition to the nesting colonies on 

Gull Island, the 30-foot high cliff located in the Narrows supported a large (approximately 60 

active nest burrows) colony of bank swallows (Riparia riparia). Adult and juvenile swallows 

were observed feeding on insects caught close to the water's surface and along the shoreline. 

• 

• 

Many of the same mammals associated with the river ecosystems also occur around 

Lahontan Reservoir. The blacktail jackrabbit, deer mouse, whitetail antelope, squirrels, and 

Great Basin kangaroo rat occur in the sagebrush and shoreline areas where they feed on insects 

and plants. Coyote, mule deer, and wild horses were observed feeding, drinking, and resting in 

all the cover types associated with the reservoir . 

A.3 Species of-Concern 

The USFWS and the Nevada Department of Conservation and Natural Resources, 

Division of Wildlife (NDOW) and Natural Heritage Program (NHP) were contacted for informa

tion regarding the presence or absence of species designa:ted as threatened, endangered, or 

sensitive by the United States or'the State ofNevada (see Table A-3). This section provides a 

brief discussion of the species of concern identified by these agencies as potentially occurring in 

the project area. 

Federally-Listed Species 

The USFWS identified one endangered bird species and 18 Category 2 candidate 

species (nine mammals, four birds, one reptile, two invertebrates, and two plants) that may occur 

in the vicinity of the Carson River and Lahontan Reservoir (Mendoza 1995). In addition, the 

Nevada NHP identified four federal Category 2 candidate species (one bird and three plants) 

during their search for species of concern in the Carson River watershed (Cooper 1995). 

Endangered species include any animal or plant spec.ies in danger of extinction throughout all or 

a significant portion of its range; Category 2 candidate species include those animal or plant 
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species for which existing information indicates a listing may be warranted, but for which 

substantial biological information to support a proposed rule is lacking. 

The bald eagle (Haliaeetus /eucocephplus), once a federally endangered species but 

now a federally threatened species, has been observed wintering (November to March) along the 

Carson River and Lahontan Reservoir. This large raptor is primarily restricted to shorelines that 

support a few large trees necessary for roosting or nesting. In the winter, eagles roost 

communally in large aggregations and share a foraging home range. Considered an opportunistic 

feeder, the bald eagle feeds on fish (dead or alive), waterfowl, shorebirds, and small mammals. 

The five Category 2 candidate bird species include the western burrowing owl (Athene 

cunicularia hypugea), black tern (Chlidonias niger), white-faced ibis (Plegadis chihi),'least 

bittern (lxobrychus exilis hesperis), and t:alifornia spotted owl (Strix occidentalis occidentalis). 

The diurnal western burrowing owl inhabits the open arid sagebrush steppe and utilizes existing 

small mammal burrows. Mice, shrews, insects, and occasionally birds are the preferred food 

items of the western burrowing owl. The black tern frequents freshwater marshes, lakes, and 

reservoirs where it primarily feeds on insects, mollusks, and small fish plucked from the surface. 

Similar to the tern, the white-faced ibis prefers freshwater habitats incluc:ling marshes, rivers, and 

shallow lakes where it can feed upon aquatic invertebrates, insects, fish, and occasionally on 

aquatic vegetation. The least bittern prefers freshwater marshes and ponds with tall emergent 

vegetation (grasses, sedges, and rushes), and includes insects, amphibians, and small mammals in 

its diet. With the exception of the California spotted owl, these bird species could occur in the 

project area along Carson River and/or Lahontan Reservoir. The California spotted owl prefers 

densely vegetated coniferous forests for breeding and nesting and is not likely to frequent the 

study area. 

The pygmy rabbit (Brachylagus idahoensis) and eight bat species comprise the 

Category 2 candidate mammal species identified by the USFWS. The primarily nocturnal and 

crepuscular (i.e., active during twilight) pygmy rabbit prefers the tall sagebrush habitats for 

burrowing and feeding. All the bats, except the long-eared bat (Myotis evotis), prefer caves and 

tunnels as their daytime roosting areas; the long-eared bat is more likely to roost in a sparsely 

forested area with an open understory. Insects are the primary food item for all ofthese bats. 

Based on the field surveys, the canyon ecosystems located along the Carson River provide 

excellent roosting habitat (e.g., small caves and crevices) for the bats. 

Only one Category 2 candidate reptile species, the northwestern pond turtle, was 

identified by the USFWS as likely to occur in the project area. This turtle occurs in ponds, 

marshes, rivers, and streams with rocky or muddy bottoms that support aquatic vegetation, and 

consumes insects, plants, worms, and fish. 
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The two Category 2 candidate invertebrates species, the Nevada viceroy arid Carson 

Valley wood nymph, are both butterflies that may occur in the project area. The Nevada viceroy, 

which resembles a Monarch butterfly but is slightly smaller, feeds on willows and poplars during 

its larval stage; the Carson Valley wood nymph is a strikingly marked butterfly that occurs in 

lush marshy areas and feeds on grass as a larva and flower nectar as an adult (Cooper 1995). 

The five Category 2 candidate plant species that were identified by the USFWS and 

NHP as potentially occurring in the project area include the Nevada oryctes ( Oryctes 

nevadensis), Tiehm's stroganowia (Stroganowia tiehmil), Lavin eggvetch (Astragalus oophorus 

lavinii), altered andesite buckwheat (Erigonum robustum), and Sierra valley ivesia (lvesia aperta 

aperta). The oryctes is a small desert annual that grows in deep, loose sand in open arid areas. 

The stroganowia is a herbaceous perennial that occurs at the base of rock outcrops, in areas of 

talus, and in pockets of clay soil. The eggvetch is a herbaceous plant that occurs in sandy soils in 

the pinyon pine-juniper cover type, and the buckwheat is restricted to areas of disturbed andesite 

(loose volcanic ash) soils. The herbaceous ivesia is a perennial plant that primarily occurs in 

open meadows but is occasionally found along rocky ephemeral stream channels with sparse 

ground cover (Morefield 1995). Based on the habitat requirements of these five plants, they 

could occur in the project area . 

State-Listed Species 

The Nevada NHP identified four state-listed bird species and one mammal species: the 

bald eagle, yellow-billed cuckoo (Coccyzus americanus), American white pelican (Pelecanus 

erythrorhynchos), California spotted owl, and western gray squirrel (Sciurus griseus griseus). In 

addition, the Northern Nevada Native Plant Society (NNNPS) identified three plant species of 

concern in the study area: Tiehm's stroganowia, Lavin eggvetch, and altered andesite buckwheat. 

Although the NNNPS does not provide legal protection to their listed plants, they closely 

monitor the state's plant populations and make recommendations to the NHP or USFWS. 

The bald eagle, a state endangered species which winters around Lahontan Reservoir, 

was previously discussed for the federally-listed species. Similarly, the California spotted owl, a 

state-protected species, was previously discussed; however, this owl does not frequent the habitat 

types found in the study area. The other two state-protected bird species, the yellow-billed 

cuckoo and American white pelican, may occur in the study area. The yellow-billed cuckoo 

prefers dense riparian woodlands such as that found in the delta area of the Carson River, and 

feeds on caterpillars, frogs, lizards, berries, and bird eggs. The American white pelican was 

observed in Lahontan Reservoir where it feeds primarily on fish. 
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The western gray squirrel is a state-protected species that occurs in open pine-oak 

forests. This arboreal squirrel primarily feeds on acorns and seeds of conifers. Since there is not 

an abundance of pine and oak trees in the study area, this species is not likely to frequent the 

project area. 

The three plant species identified by the NNNPS as watch species (Lavin eggvetch, 

altered andesite buckwheat, and Tiehm's stroganowia) were previously discussed as federally

listed Category 2 candidate species. 

Other Regulations 

The Migratory Bird Treaty Act empowers the USFWS to protect, manage, and 

conserve 816 species of native migratory birds: 162 game species and 654 nongame species. 

This act prohibits the "taking" (includes poisoning, wounding, killing, disturbing, or collecting) 

of any bird species identified in the bird protection treaties between the United States and foreign 

nations. State fish and wildlife agencies have established four flyway councils (Atlantic, 

Mississippi, Central, and Pacific) to provide advice and cooperative assistance to the federal 

government in the management of migratory waterfowl species. Since Lahontan Reservoir and 

Carson River provide a year-round source of open water, a variety of migratory piscivorous birds 

and waterfowl spend time in the study area. These species include the bald eagle, western grebe, 

American white pelican, ruddy ducks, Canada goose, and terns. 

Both the bald eagle and golden eagle were observed in the study area. The Bald Eagle 

Protection Act prohibits the taking of bald eagles and golden eagles. This act was originally 

introduced in 1940 to protect the American national symbol from extinction; however, the act 

has since been amended twice to prevent the poisoning and shooting of eagles. 

The State ofNevada has an appointed Commission for the Preservation of Wild Horses 

whose duties are to preserve the herds of wild horses and.identify programs to maintain the herds 

in a thriving natural ecological balance. The Commission is responsible for the management and 

protection of wild horses, as well as monitoring state and federal agency activities which may 

affect wild horses. It is illegal for an unauthorized person to pollute or cause the pollution of a 

watering hole on public land to wound, kill, maim, or harass a wild horse (Musgrave and Stein 

1993). 

In addition, Nevada's governor appoints a Board of Wildlife Commissioners that 

establishes policies and regulations for the preservation, protection, management, and restoration 

of wildlife and its habitat. The Nevada Department of Wildlife (NDOW) is responsible for 

administering these state wildlife laws and regulations which primarily address hunting, fishing, 
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• and trapping (Musgrave and Stein 1993). In addition, the NDOW ensures state compliance with 

federal wildlife laws such as the Migratory Bird Treaty Act and Bald Eagle Protection Act. 

A.4 Ecosystems of Concern 

This section provides a brief discussion of ecosystems of concern in the vicinity of the 

study area. The United States Fish and Wildlife Service (USFWS) National Wetland Inventory 

(NWI) maps were reviewed to identify federally-designated wetlands located along the Carson 

River and Lahontan Reservoir. In addition, USGS topographical maps were reviewed and state 

and local agencies were contacted for information.regarding unique or sensitive ecosystems (i.e., 

wildlife refuges and wildlife management areas) that support wildlife species potentially utilizing 

Carson River and/or Lahontan Reservoir on a regular basis. 

Designated Wetlands 

According to the NWI maps, there are eight palustrine wetland cover-types, five 

riverine wetland cover-types, and two lacustrine wetland cover-types associated with the Carson 

River and Lahontan Reservoir (see Table A-4). In addition, there are eight different water 

• regimes used to classify these 15 wetland cover-types: temporarily flooded, saturated, seasonally 

flooded, seasonally flooded/saturated, semipermariently flooded, artificially/seasonally flooded, 

artificially/semipermanently flooded, and permanently flooded. 

The palustrine wetlands are located along the river, throughout the floodplain (in the 

oxbows), and around the reservoir. These are the most common wetland types in the study area 

and are classified as nontidal wetlands dominated by trees, shrubs, persistent emergents, or 

mosses (Cowardin et al. 1979). The palustrine cover-types that are located in the study area 

include: persistent emergent, broad-leaved deciduous forest, broad-leaved deci~uous scrub

shrub, unconsolidated shore, unconsolidated bottom, persistent emergent/forest, persistent 

emergent/scrub-shrub, and persistent open water/emergent. 

The riverine wetlands located in the study area primarily occur along the river and are 

classified as nonvegetated wetlands or deepwater habitats contained within a channel (Cowardin 

et al. 1979). The various cover-types associated with the riverine wetlands on site include: 

intermittent streambed, unconsolidated bottom/upper perennial, unconsolidated shore/upper 

perennial, unconsolidated bottom/lower perennial, and open water/upper perennial. 

The lacustrine wetlands are located in Lahontan Reservoir and are classified as 

• wetlands or deepwater habitats that lack vegetation, are located in a topographical depression or 

dammed river channel, and exceed 20 acres in size (Cowardin et al. 1979). The two cover types 
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associated with the lacustrine wetlands are: open water/limnetic and aquatic bottom/littoral with 

rooted vascular plants. 

) 

Unique and Sensitive Ecosystems 

Portions of the Carson River and Lahontan Reservoir are unique ecosystems that 

support a variety of wildlife species. The east fork of Carson River is identified as a wildlife 

viewing area by the state of Nevada (Clark 1993), and both Dayton State Park and Fort Churchill 

Historic State Monument are located along the river. In addition, Lahontan Reservoir is a state 

designated recreation area that supports a warm water recreational and commercial fishery. The 

habitat types and wildlife species associated with .the Carson River and Lahontan Reservoir are 

described in more detail in Section A.2. 

The Stillwater National Wildlife Refuge is located approximately 16 miles north of 

Fallon and 18 miles east of Lahontan Reservoir. This 77,500-acre refuge, which is part of the 

200,000-acre Stillwater Wildlife Management Area (WMA), is jointly managed by the USFWS 

and Nevada DOW. This WMA provides a variety of different habitat types including alkali 

mudflats, sand beaches, greasewood scrubland, cottonwood stands, and shallow emergent 

wetlands. Due to the diversity of habitat in the refuge, the area attracts a number of bird species 

such as pelicans, tundra swans, ducks, avocets, dowitchers, prairie falcons, golden eagles, 

warblers, vireos, and loggerhead shrikes. In the past, during nondrought conditions, half of the 

Pacific Flyway's canvasback population was known to utilize the refuge area. The refuge is 

important to migratory shorebirds and is a component of the Western Hemisphere Shorebird 

Reserve system. In addition, the refuge supports mule deer, badgers, coyotes, kit foxes, rats, 

lizards, and Nevada's largest bald eagle wintering population (Clark 1993 ). Since this refuge is 

located only a short distance downstream from Lahontan Dam, a number of wildlife species in 

the WMA are likely to utilize Lahontan Reservoir for feeding. 

Carson Lake, one of the Pacific Flyway's best birding spots, is located approximately 8 

miles south of Fallon and 18'miles east of the Lahontan Reservoir and is managed by the Nevada 

DOW. During nondrought conditions, this 22,000-acre area offers extensive shallow lake 

marshes that support approximately 1 00 different bird species including great blue herons, egrets, 

ducks, avocets, phalaropes, terns, yellow-headed blackbirds, wrens, northern harriers, short-eared 

owls, and bald eagles. In addition, one ofNorth America's largest white-faced ibis nesting 

colonies has utilized the area. Also, similar to the Stillwater Wildlife Refuge, this lake is 

designated a Western Hemisphere Shorebird Reserve because of the many shorebirds visiting the 

area during migration (Clark 1993). 
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The Mason Valley WMA, which is managed by the,Nevada DOW, is located 

approximately 15 miles south of the Lahontan Reservoir. This area consists of extensive 

wetlands near the Walker River. The wetlands are divided by a-number of levees and provide 

excellent habitat for a variety of birds including mallards, avocets, herons, ibis, egrets, gulls, 

terns, geese, and white pelicans. The upland areas interspersed throughout the wetland are 

vegetated with Nevada's most extensive stands ofbuffaloberry, and provide cover and food for a 

variety of upland gamebirds such as turkey, pheasant, and quail. In addition to the abundance of 

birds, this WMA provides habitat for badgers, raccoons, rabbits, deer, and porcupine (Clark 

1993). Similar to the other two areas, Mason Valley is located only a short distance from the 

project area and may support a variety of wildlife species that frequent Carson River and/or 

Lahontan Reservoir during their feeding activities. 

Jacks Valley WMA, which is also managed by the Nevada DOW, is located 

approximately 2 miles west of the project area, and is situated in the foothills of the Carson 

Range Sierra Nevadas. This area consists primarily of agricultural fields and sagebrush steppe, 

with a few cottonwood trees located around the old Carson River oxbows. Large numbers of 

mule deer utilize this WMA as their wintering grounds during years of heavy snowfall in the 

mountains. In addition, Jacks Valley is considered a major wintering area for numerous raptors 

such as red-tailed hawks, northern harriers, Swainson's hawks, rough-legged hawks, turkey 

vultures, American kestrels, and golden eagles (Clark 1993 ). Due to the close proximity of this 

WMA to the project area, a number of the wildlife species found in Jacks Valley are likely also 

to utilize the food resources found along the Carson River and/or Lahontan Reservoir. 

Although the Toiyabe National Forest and Lake Tahoe State Park are located 

approximately 7 miles west of the Carson River study area, these areas do not provide the same 

habitat types found in the project area. Both these areas are located at a higher elevation than 

Carson River and support different communities of wildlife and vegetation. Both the Toiyabe 

National Forest and Lake Tahoe State Park consist of steep rugged terrain vegetated with dense 

coniferous forests. However, the open water areas may attract a few of the same bird species 

likely to occur in the project area (i.e., bald eagles and mallards) (Clark 1993). Therefore, only a 

few of the bird species that occur in these areas are likely to frequent the Carson River and/or 

Lahontan Reservoir during th~ir feeding activities. 

Pyramid Lake, which is used as a background area in this study, is located 

approximately 50 miles northwest of Lahontan Reservoir and 30 miles west of Reno. The lake is 

approximately 26 miles long (north to' south}, 4 to 11 miles wide (east to west), and 350 feet 

deep. Anaho Island is a USFWS National Wildlife Refuge, located near the eastern shore of the 

southern half of Pyramid Lake. This 248-acre island is a rocky peak essentially devoid of 
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vegetation. The island provides excellent habitat (i.e., limited human disturbance, no mammalian 

predators, and large surface area) for a variety of colony nesting birds. One of the few known 

nesting colonies of American white pelicans in North America utilizes Anaho Island. In 

addition, double-crested cormorants, great blue herons, Caspian terns, and California gulls nest 

on the rocky soils of the island. 
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Table A-1 

DOMINANT VEGETATIVE COMMUNITIES IN 
THE CARSON RIVER STUDY AREA 

Vegetative Community Dominant Species Occurrence 

Pmyon pme-jumper forest . Smgle-leaf pmyon pine . Upper elevations m the canyon . Utah juniper ecosystems 

Sagebrush steppe . B1g sagebrush • Low-lying, dry (ar1d) areas m 
• Rubber rabbitbrush the canyon ecosystems 
• Russian thistle (tumbleweed) between the pmyon pine-. Greasewood jumper and riparian wetlands; 
• Shadscale and around Lahontan 

Reservoir. 

• Forested/Scrub-shrub nparian . Fremont cottonwood • Along the Carson R1ver, m the 
wetland • Sandbar Willow delta area; and areas around 

• Currants Lahontan Reservoir 

Scrub-shrub/Emergent npanan • Sandbar w11low • Along the Carson River at 
wetland . Tamansk seeps and sandbar fonnat1ons; . C!:!rrants in the oxbows; on the edges of . Cattails the delta area; and areas . Sedges and rushes I around Lahontan Reservmr. 

Alkah flats • Greasewood • Scattered throughout the 

• Shadscale agricultural areas in the valley 
ecosystems. 

Agnculture • Alfalfa • Flat floodplain areas m the . Clovers valley ecosystems. 
• Grasses 

Shoreline/Islands • Tamarisk • Around Lahontan Reservmr . Var1ous willows shorehne and islands . 
• Big sagebrush . Russ1an thistle 

Mudflats • Small saplings and forbs . In Lahontan Reservoir dunng . Mosses low water level. . Algae 

• 
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Table A~2 

COMMON ANIMAL SPECIES IN THE CARSON RIVER STUDY AREA 

Occurrence 

Common Name Scientific Name PJ SA RW LR 

Reptiles and Amphibians 

Western fence hzard Sceloporus occ!dentalts X X X X 

Long-nosed leopard hzard Gambeila Wlsilzenu X 

Sagebrush lizard Sce/oporus gracwsus X x. 
Western skink Eumeces skiltomanus X X 

Western diamondback rattlesnake Crotalus atrox X X X 

Western terrestrial garter snake Thamnophis elegans X X X X 

Western pond turtle Clemmys marmorata X 

Pamted turtle Chrysemys p1cta X 

Western toad Bufo boreas X 

Great Basin spadefoot Scaph1opus mtermountanus X X X 

Bullfrog Rana catesbe~ana X X • 
Mammals 

Memarn's shrew Sorex merrzam1 X X 

Deer mouse Peromyscus mamculatus X X X 

Great Basm kangaroo rat D1podomys mtcrops X 

Blacktail jackrabbit Lepus californrcus X 

Nuttall's cottontail Sylvtlagus nutallli X X 

White-tailed antelope squirrel Ammospermophllus leucurus X 

Pallid bat Antrozous pallzdus X X 

Porcupine ErethiZon dorsatum X 

Beaver Castor canadensis X 

Raccoon Procyon lotor X 

Mink Muste/a v1son X 

Muskrat Ondatra z1beth1ca X 

Mule deer Odocozleus hemwnus X X X 

Wild horse Equus cabal/us X X X X 

Coyote Cams latrans X X X X • 
Key at end of table 
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• TableA-2 

COMMON ANIMAL SPECIES IN THE CARSON RIVER STUDY AREA 
-

Occurrence 

Common Name Scientific Name PJ SA RW LR 

Birds 

Western grebe Aechmorphorus occzdentalzs X 

American white pehcan Pelecanus erythrorhyne X 

Double-crested cormorant Pha/acrocorax auntus X 

Great blue heron Ardea herodzas X X 

Black-crowned mght heron Nyctzcorax nycltorax X 

Great egret Casmerodzus a/bus X X 

Snowy egret Egretta thula X X 

Belted kmgfisher Ceryle alcyon X X 

California gull Larus ca/iformcus X 

• Ring-billed gull Larus delawarenszs X 

Western sandpiper Calldrzs maurz X 

Greater yellow legs Trmga melano/euca X 

K1lldeer Charadrzus vociferus X X 

Black-necked stilt Hzmantopus me.xzcanus X 

Amencan avocet Recurwrostra amerzcana X 

Canada goose Branta canadenszs X X X 

Mallard Anas platyrhynchos X X 

Blue-wmged teal Anas diScors, X X 

Gadwall Anas strepera X 

Northern pmta1l Anas acuta X 

Ruddy duck O.xyura ;amazcenszs X 

Amencan coot Fu/1ca amerzcana X 

Bank swallow Rzpar1a rzparza X X 

Rough-wmged swallow Stelgtdopteryx sempenms X 

Cliff swallow Htrundo pyrrhonota X 

• 
American dipper Cine/us me.xzcanus X 

Yellow-headed blackbird Xanthocephalus xanthocephalus X X 

Key at end of table 
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• Table A-2 

COMMON ANIMAL SPECIES IN THE CARSON RIVER STUDY AREA 

Occurrence 

Common Name Scientific Name PJ SA RW LR 

Steller's Jay Cyanocztta ste/lert X X 

Magp1e Ptcaptca X X 

Western kingbtrd Tyrannus vert1cal1s X X 

Willow flycatcher Empzdonax trm/111 X 

Flicker Colaptes auratus X 

Bald eagle Halweetus leucocephalus X X X X 

Golden eagle Aquz/a chrysaetos X X X X 

Osprey Pand10n halzaetus X X X 

Rough-legged hawk Buteo lagopus X X 

Red-tailed hawk Buteo Jammcenszs X X X 

Northern hamer Circus cyaneus X X 

Cooper's hawk Acctpiter cooperu X X • American kestrel Falco sparvertus X X 

Common highthawk Chordeiles mmor X X 

Turkey vulture Cathartes aura X X X X 

Sage grouse Centrocerus urophas1anus X 

Gambel's quail Calhpep/a gambelu X X 

W1ld turkey Meleagr1s ga/lopavo X X 

Fish 

Mountain sucker Catastomus platyrhynchos X 

Tahoe sucker Catastomus tahoenszs X 

Lahontan redside Rzchardsomus egregzus X 

Speckled dace Rhm1chthys osculus X 

Brown trout Salmo trutta X 

Rainbow trout Oncorhynchus my/ass X X 

Common carp Cyprmus carp1o X X 

Golden shmer Notem1gonus crysoleucas X 

Smallmouth bass Mtcropterus dolomzeu X • 
Key at end of table. 
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Table A-2 

COMMON ANIMAL SPECIES IN THE CARSON RIVER STUDY AREA 

Occurrence 

Common Name Scientific Name PJ SA 

Largemouth bass M1cropterus salm01des 

Black bullhead Amezurus me/as 

Green sunfish Lepom1s cyanellus 

Channel catfish ~ /cta/urus punctatus 

Sacramento blackfish Orthodon mzcroleptdotus 

Walleye Sllzosted1on vitreum 

White crappie Pomoxts annulans 

Black crappie Pomox1s mgromacu/atus 

Wh1te bass Marone chrysops 

Brown bullhead lctalurus nebulosus 

Key 

Lahontan Reservoir, mcludmg the mudflats, islands, shoreline, and open water areas. 
Pmyon pme-Juntper areas, mcluding talus slopes and cliff/cave areas 

RW 

X 

X 

X 

X 

Page4 of4 

LR 

X 

X 

X 

X 

X 

X 

X 

LR = 
PJ = 

, RW = All wetland areas (forested, scrub-shrub, emergent, and shallow open water) assoc1ated with the.Carson 
River, oxbows, seeps, and delta area. 

SA= Sagebrush and agricultural areas. 
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• Table A-3 

SPECIES OF CONCERN IN THE GENERAL VICINITY 
OF THE CARSON RIVER STUDY AREA 

Status 

Common Name Scientific Name Federal State Areas of Occurrence 

Birds 

Bald eagle Hal!aeetus /eucocepha/us T E PJ, SA, RW, LR 

Yellow-billed cuckoo Coccyzus amencanus - Yes RW 

American white pelican Pelecanus erythrorlrynchos - Yes LR 

Western burrowing owl Athene cumculana C2 - SA 
hypugea 

Black tern CJilldomas mger C2 - LR 

California spotted owl Stru: occtdentalls C2 Yes Not m Study Area 

White-faced ibis Plegadts chih1 C2 - LR 

Least bittern lxobrychus ex1ils hesper1s C2 - RW,LR 

Mammals • Pygmy rabbit Brachylagus Jdahoens1s C2 - SA 

Western gray squirrel SclUrus gnseus gr~seus - Yes Not in Study Area 

Spotted bat Euderma macu/atum C2 - PJ 

Small-footed bat Myotzs ci/w/atbrum C2 - PJ 

Long-eared bat Myot1s evotts C2 - PJ 

Fringed bat Myot1s thysanodes C2 - PJ 

Long-legged bat Myot1s vo/ans C2 - PJ,RW 

Yuma bat Myot1s yumanenszs C2 - PJ 

Pale Townsend's big-eared bat P/ecotus townsendu C2 - PJ 
pallescens 

Pac1fic Townsend's b1g-eared Plecotus townsend11 C2 - PJ 
bat townsend11 

Reptiles 

Northwestern pond turtle Clemmys marmorata C2 - RW,LR 
marmorata 

Invertebrates 

Nevada v1ceroy L1memtus arch1ppus C2 - RW 
lahontam • 

Key at end of table. 
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Table A-3 

SPECIES OF CONCERN IN THE GENERAL VICINITY 
OF THE CARSON RIVER STUDY AREA 

Status 

Common Name Scientific Name Federal State Areas of Occurrence 

Carson Valley wood nymph Cercyonzs pegala ssp 

Plants 

Nevada Oryctes Oryctes nevadens1s 

T1ehm's stroganow1aa Stroganow1a tlehmu 

Lavm eggvetcha Astragalus oophorus 
/avmu 

Altered andesite buckwheat
8 

Engonum robustum 

Sierra valley ivesia lves1a aperta aperta 

a 
Northern Nevada Nat1ve Plant Society watch spec1es 

Key 

C2 = Cand1date, Category 2 spectes 
E = Endangered. 

C2 - RW 

C2 - SA 

C2 - PJ 

C2 - PJ 

C2 - PJ, SA 

C2 - PJ, SA 

LR = Lahontan ReservOir, includmg the mudflats, 1slands, shoreline, and open water areas. 
PJ = Pmyon ptne-Juniper woodlands, mcluding talus slopes and chfflcave areas. 

RW = All wetland areas (forested, scrub-shrub, emergent, and shallow open water) associated w1th the Carson R1ver, 
oxbows, seeps, and ,delta area. 

SA = Sagebrush and agr~cultural areas. 
T = Threatened 

Sources Cooper 1995, Mendoza 1995 
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Table A-4 

WETLAND TYPES LOCATED ALONG THE CARSON RIVER AND LAHONTAN RESERVOIR 

):::> 
I 

w 
co 

Wetland Cover Type 

Palustrine, emergent, persistent 
(PEMI) 

Palustrme, forested, broad-leaved 
deciduous (PFO I) 

Palustrine, scrub-shrub, broad-
leaved dectduous (PSS I) 

Palustrme, unconsolidated shore 
(PUS) 

Palustrine, unconsolidated bottom 
(PUB) 

Palustrine, emergent/forested, 
persistent (P EMIFO I) 

Palustrine, emergent/scrub-shrub, 
persistent (P EM/SS I) 

Palustrine, open water/emergent, 
persistent (POW/EM I) 

Riverme, intermittent, streambed 
(R4SB) 

Rivenne, upper perennial, 
unconsolidated bottom (R3UB) 

Riverine, upper perennial, 
unconsolidated shore (R3US) 

Riverine, lower perennial, 
unconsolidated bottom (R2UB) 

Riverine, upper perennial, open 
water (R30W) 

02ZS3490_D47·8-DI 

Temporarily 
Flooded Saturated 
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X X 
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Wetland Modifier/Water Regime 

Seasonally Artificially/ Artificially/ 
Seasonally Flooded/ Semi permanently Seasonally Semipermanently 

Flooded Saturated Flooded Flooded Flooded 
(C) (E) (F) (KC) (KF) 

X X X X 
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X X 
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X 
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Table A-4 

WETLAND TYPES LOCATED ALONG THE CARSON RIVER AND LAHONTAN RESERVOIR 

Temporarily Seasonally 
Flooded Saturated Flooded 

Wetland Cover Type (A) (B) (C) 

-
Lacustrine, limnetic, open water 
(LIOW) 

Lacustrine, littoral, aquatic bottom, 
'--rooted vascular (L2AB3) 

Source US Fish and Wildlife Service, National Wetland Inventory maps 
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As a component of the ecological assessment for the Carson River Mercury Site, fish 

collected for mercury analysis were examined for indicators of physiological stress. The purpose 

of the fish stress assessment is to determine the relationship between mercury contamination and 

the physical condition and health of fish as an indicator of the ecological effects of mercury at 

the site. The sampling design, fish sampling methods, and sampling locations are described in 

E & E ( 1994) and previous sections of this report. 

8.1 Methods 

The fish stress assessment contains two main components: (1) field-based external and 

internal examination of gross pathology and health of major organ systems, and (2) calculation 

of a "condition factor" based on measurement of fish length and weight. Both of these measures 

(fish health and condition factor) integrate the effects of a variety of environmental stressors 

acting on fish, including mercury and nonchemical stressors such as suspended sediments, 

temperature, dissolved oxygen, and food availability. To evaluate the effects of mercury, stress 

indicators for fish collected from areas' of varying levels of mercury contamination in the Carson 

River and Lahontan Reservoir were compared to stress indicators for fish collected from 

• uncontaminated background locations. Though differences in stress indicators may arise from 

multiple complex causes, whenever possible, the assessment focused on signs associated with 

mercury poisoning in fish as described in references such as Eisler ( 1987) and discussed below. 

• 

The physiological characteristics exam!ned in this assessment are described in E & E 

(1994) and references such as Goede and Barton (1990), and Adams eta/. (1990). The external 

characteristics include overall appearance, damage to fins and scales, parasites, and condition of 

eyes and gills. Emaciation, excessive pigmentation, and cataracts can b~ signs of mercury 

contamination in fish (Eisler 1987). Internal examination was limited to fish large enough to 

autopsy and examine in the field. Internal organs evaluated include the spleen, hindgut, kidney, 

liver, and stomach. Since mercury can affect appetite and the ability to capture food (Eisler 

1987), the stomach contents of the fish were also examined for the presence of food. 

The data were first analyzed by calculating an index of fish abnormalities for each 

species at each location (Goede and Barton 1990). The index is calculated by averaging the 

fraction of fish having at least one observed abnormality for each characteristic examined. 

Separate indexes were calculated for internal and external abnormalities . 

02 ZS3490_04700.02/16/98-DI B-7 



Condition factor (CF) is a standard measure of fish nutritional status, defined as: 

CF=JO,OOOx WIV 

where: 

10,000 is a scaling factor, 

W =weight in grams (fresh weight), and 

L = length in millimeters. 

A decline in condition factor is usually interpreted as a decline in energy reserves, which 

in tum may reflect a change in metabolic rate or feeding patterns in response to stress. One of 

the effects of mercury in fish is emaciation due to loss of appetite and effects on prey capture 

ability (Eisler 1987). 

8.2 Results 

The results of the internal and external examinations and condition factors are 

summarized in Table B-1 and discussed below. Th~ fish species observed during sampling are 

identified in Table B-2. 

The external examination of fish health showed a small index of abnormalities ( <20%) 

at most locations. There were no signs of mercury poisoning, such as excessive pigmentation, 

cataracts, or emaciation. The differences in the index of external abnormalities observed at 

various locations did not show a consistent correspondence with mercury contamination. For 

example,, a slightly higher index in Sacramento blackfish was observed at the background area 

(Rye Patch Reservoir) compared with Lahontan Reservoir, whereas slightly higher indexes of 

abnormalities in carp and walleye were observed at Lahontan Reservoir compared with the 

background reservoirs (see Table B-1 ). For carp, walleye, and Sacramento blackfish, the 

absolute differences in the indexes between Lahontan Reservoir and background were no more 

than 12%. 

The occurrence of external abnormalities in fish species collected from Carson River 

locations also did not show a pattern consistent with mercury contamination. For Tahoe sucker, 

fish samples collected at the more contaminated Dayton and Fort Churchill locations had higher 
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• 

• 

• 



• 

• 

• 

indexes of abnormalities compared with the less contaminated Santiago Mills location, but the 

opposite was true (or no trend was evident) for green sunfish and carp (see Table B-1 ). As with 

the reservoir fish, absolute differences in indexes of abnormalities in fish collected at various 

Carson River locations were~ small. The largest difference between any two locations was 15% 

in Tahoe suckers at Santiago Ruins compared to 37% at Dayton. Note that these comparisons 

are based on small sample sizes (only 4 Tahoe suckers were examined at Santiago Ruins). 

The largest apparent difference in the external condition of fish at the site was the higher 

index for carp collected at Carson River locations (50% to 52%) compared with re~ervoir 

locations (12% to 20%). This difference may be due to habitat. Carp collected at river locations 

were often confined to isolated pools where flow, temperature, and dissolved oxygen were 

extremely poor. The guts offish at these locations were often empty, suggesting that no food 

was available. 

The results of the internal examination of fish for stress indicators were equivocal 

because only one species (carp) was examined at both the site and at a background location (see 

Table B-1) due to the generally small size of other species of fish collected in the study. A 

higher index of abnormal carp was found at the background reservoir compared with Lahontan 

Reservoir. The highest percentage of abnormal carp at any location was found at the least

contaminated Carson River location (Santiago Ruins). Only two carp were collected at Santiago 

Ruins, however, so conclusions should be interpreted with caution. On average, less than 20% of 

carp and walleye examined internally at Lahontan Reservoir showed signs of abnormality, 

suggesting little apparent effect of mercury contamination on these fish despite their high levels 

of mercury exposure. 

The condition factor data are similarly ambiguous with regard to any relationship to 

mercury contamination, as shown in Table B-1. Carp, Sacramento blackfish, and walleye all had 

slightly higher condition factors at Lahontan Reservoir compared with fish of the same species 

collected at background reservoirs. A slight decline is evident in the condition factor of Carson 

River fish collected from Santiago Ruins compared with carp, green sunfish, and Tahoe suckers 

collected from downstream locations. These trends may be related to the severe drought and 

degraded environmental conditions at the background reservoirs and downstream Carson River 

locations . 
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8.3 Summary and Interpretation 

Stress indicators derived from internal and external examination of fish and measure

ment of fish length and weight were evaluated to provide information on the physiological health 
' and nutritional status of five species of fish at the site in river and reservoir locations. Levels of 

mercury contamination did not correlate with indicators offish stress for these species. No 

specific signs of mercury poisoning were observed in fish at the site. In general, most fish 

examined at Lahontan Reservoir showed no abnormalities, nor was there evidence of greater 

nutritional stress compared with fish collected at background locations: Carp collected from the 

Carson River had a higher index of abnormalities compared with reservoir fish, and fish 

collected from areas most affected by drought showed evidence of nutritional stress. These 

findings suggest that habitat differences or other factors have a greater effect than mercury on 

fish health at the site. Overall, the data do not provide consistent evidence of fish stress 

associated with mercury contamination. However, the possible effects of mercury on fish eggs 

and larvae were not directly evaluated in the fish stress assessment, and these are the life stages 

most sensitive to mercury. Levels of mercury in adult fish tissue of 5 mglkg or higher have been 

associated with adverse effects on fish reproduction and development (Wiener and Spry 1996). 

Walleye at Lahontan Reservoir averages >5 mglkg in this study (see Section 3), suggesting the 

potential for adverse reproductive effects of mercury on top predatory fish at the site. 
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Species and Location 

Carp 

Santiago Ruins 

Dayton State Park 

Fort Churchill· 

Rye Patch Reservoir 

Lahontan Reservoir 

Sacramento Blackfish 

Rye Patch Reservoir 

Lahontan Reservoir 

Walleye 

Chimney Reservoir 

Lahontan Reservoir 

Green Sunfish 

Santiago Ruins 

Fort Churchill 

Tahoe Sucker 
' 

Santiago Ruins 

Dayton State Park 

Fort Churchill 
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Table B-1 

SUMMARY OF FISH STRESS ASSESSMENT RESULTS 

Index of Abnormalities 

Condition Factor External Exam Internal Exam 

Standard Average Average 
Average Deviation n (%) n (%) 

1.58 0 24 10 52 10 90 

1.29 0.17 8 52 8 -

1.14 0 19 12 50 12 34 

1.26 0.1 20 12 20 36 

1.78 2.49 30 20 30 18 

0 81 O.D75. 20 20 10 -
0.91 0 088 32 8 20 -

0.6 0.062 2 0 2 -

1.07 0.29 30 8 20 10 

1.98 0 24 14 20 5 -

1.84 0.19 5 12 5 -

1.13 0.14 4 15 4 -

0.87 0.063 15 37 8 -

0.97 0.064 15 28 5 -

• Page I of I 

Whole Body Mercury 
(Hg) 

Average Hg 
n (mglkg) n 

2 I 176 5 

- 1.783 8 

7 I 796 5 

10 0.141 10 

10 0.694 20 

- 0.061 10 

- 0 551 19 

- 0.334 2 

10 5 428 20 

- 0 752 .5 

- 1.534 5 

- 0.647 4 

- 1.745 7 

- 1.963 7 



Page 1 of2 • Table B-2 

FISH SPECIES OBSERVED DURING SAMPLING 

Common Name Scientific Name 

Ruhenstroth Dam 

Mountam sucker Catostomus platyrhynchus 

Tahoe sucker Catostomus tahoens1s 

Lahontan reds1de R1chardsomus egreg~us 

Speckled dace Rhm1chthys osculus 

Brown trout Salmo trutta 

Rambow trout Salmo gairdnen 

Santiago Ruins 

Common carp Cyprmus carpw 

Golden shmer Notem1gonus crysoleucas 

Tahoe sucker Catostomus tahoensis 

Srnallmouth bass M1cropterus dolom1eu 

Largemouth bass M1cropterus salmo1des • Black bullhead Ictalurus me/as 

Green sunfish Lepom1s cyanellus 

Dayton State Park 

Tahoe sucker Catostomus tahoens1s 

Common carp Cyprmus carp10 

Speckled dace Rhm1chthys osculus 

Green sunfish Lepom1s cyanellus 

Fort Churchill 

Common carp Cyprmus carp1o 

Tahoe sucker Catostomus tahoens1s 

Lahontan reds1de R1chardsonius egregius 

Speckled dace Rhm1chthys osculus 

Green sunfish Lepom1s cyanellus 

Channel catfish lctalurus punctatus 

Lahontan Reservoir 

Sacramento blackfish Orthodon m1crolep1dotus • Common carp Cyprmus carpw 

Walleye St1zostedwn vitreum 
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Table B-2 

FISH SPECIES OBSERVED DURING SAMPLING 

Common Name Scientific Name 

Channel catfish /ctalurus punctatus 

White crappte Pomo:xts annu/ans 

Black crappie Pomo:xts mgromaculatus 

White bass Morone chrysops 

Rambow trout Salmo gairdneri 

Brown bullhead /ctalurus nebulosus 

Chimney Reservoir 

Common carp Cyprmus carp1o 

Crappie spectes Pomo:xis sp. 

Walleye Stzzostedion vitreum 

Rye Patch Reservoir 

• Sacramento blackfish Orthodon mtcroleptdotus 

Common carp Cyprmus carp1o 

Walleye Stzzostedton vitreum 

Channel catfish /ctalurus punctatus 

Crappie spectes Pomoxis sp. 

Wh1te bass Marone chrysops 

Rambow trout Salmo gairdneri 

Goldfish Carassius auratus 

Squawfish spectes Ptychocheilus sp. 

• 
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As a component of the ecological assessment for the Carson Riyer Mercury Site, a 

survey of benthic macroinvertebrates was conducted to evaluate the potential adverse effects of 

mercury in surface water and sediment of the Carson River. Measures of benthic community 

response to mercury contamination derived from the benthic survey are presented in this 

Appendix. A characterization of the existing environment at the sampling locations-including 

the habitat characteristics, fish and wildlife populations, and surrounding land use-can be found 

in Appendix A. 

C.1 Methods 

Rapid Bioassessment Protocol II (RBP II) methods were used in accordance with 
I 

United States Environmental Protection Agency (EPA) guidance (Piafkin et al. 1989), as . 
described in Revised Draft Ecological Assessment Field Sampling Plan (Ecology and 

Environment, Inc. [E & E] 1994 ). RBP II involves the standardized collection, enumeration, and 

identification of major benthic taxa to the family level in riffle/run habitats. Standard data sheets 

are used to record results at each sampling. location. Collections are compared to a reference 

location, and an evaluation is made as to the impairment, or lack thereof, of the benthic 

• community from stressors within the watershed. The biological condition of the community can 

be ranked according to three categories of impact: nonimpaired, moderately impaired, or 

severely impaired, where the degree of impairment implies less than optimal community 

structure, the loss of intolerant species, and dominance by a few tolerant taxa compared to 

background. RBP II also involves assessment of habitat characteristics such as stream flow, 

bottom conditions, and riparian vegetation. In addition, standard water quality parameters such 

as dissolved oxygen, temperature, pH, conductivity, color, and turbidity are determined. 

• 

The RBP II was conducted on August 17 and 18, 1994 during a period of drought. 

Despite low water conditions, flow was sufficient to support benthic life at an upstream back

ground area free of site-related mercury contamination (Ruhenstroth Dam) and at two 

downstream investigation areas contaminated by mercury (Santiago Ruins and Fort Churchill) 

(see Figure C-1 ). Surface water and sediment samples were collected at these locations in 

September 1994 and analyzed for mercury (see Section 3). The Santiago Ruins investigation 

area is located adjacent to a historic mill site in a high gradient reach of the Carson River, 

approximately 20 to 30 river miles downstream from Ruhenstroth Dam. The Fort Churchill 

investigation area is located in a low gradient reach of the Carson River approximately 20 to 30 

river miles farther downstream from Santiago Ruins. Macroinvertebrates were collected from 

riffle/run habitats at each location using kick nets. 
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The data analysis procedures used in the RBP II integrate several community, 

population, and functional parameters. Eight "metrics" are calculated from the data, and then 

combined into a single evaluation of biotic integrity. Each metric provides a numerical measure 

of an important aspect of the benthic community, as described below. 

, •Taxa richness: a measure of the total number of benthic invertebrate families 

present at a given location. 

•Modified family biotic index (FBI): modified from Hilsenhoffs tolerance values for 

families of benthic arthropods. Tolerance values of 0 to I 0 are assigned to each family, with the 

higher values representing more pollution tolerant families. The modification allows for 

inclusion of other benthic organisms besides arthropods. 

The formula for calculating the FBI is: 

where: 

FBI= L X I 
I I 

n 

number of individuals within a taxon, 
tolerance value of a taxon, and 
total number of organisms in the sample. 

• Ratio of scraper and filtering collector functional feeding groups: 
reflects the health of the aquatic community by evaluating the 
dominance of a particular feeding type. Filtering collectors attach to 
fixed substrate (i.e., rocks and logs) and feed on fine particulate organic 
matter (FPOM). Since many toxicants (including mercury) adsorb to 
organic matter, the filtering collectors are usually the first feeding 
group affected due to their ingestion of FPOM and their general 
sensitivity to most chemicals. Scrapers increase as diatoms, their 
primary food, increase in abundance, and decrease with increasing 
filamentous algae. 

• Ratio of Ephemeroptera, Plecoptera, and Trichoptera (EPT) and 
Chironomidae abundances: reflects the health of the aquatic 
community by measuring the number of individuals within the EPT 
orders [Ephemeroptera (mayflies), Plecoptera (stoneflies), and 
Trichoptera (caddisflies)] relative to the number of individuals within 
the Chironomidae (midge family). Since the EPT orders are inherently 
more sensitive to habitat and water quality degradation than the more 

02 ZS3490_D47~2120/98-01 C-10 

• 

• 

• 



• 

• 

• 

• 

• 

tolerant chironomids, an increased dominance of chironomids would be 
an indication of environmental stress. 

Percent contribution of dominant family: a community dominated 
by a large p~rcentage of only a few families indicates impairment. 

EPT index:' a measure of the total number of families within the EPT 
orders. A high number of EPT families is indicative of community 
health. 

• Community loss index: measures the loss of benthic taxa relative to a 
background location. Values of the community loss index increase as 
the degree of dissimilarity with background increases. 

The formula for calculating the Community Loss Index is: 

Community Loss 
b-a 

c 

where: 
a = number oftaxa common to both locations, 
b total number of taxa present at the background location, and 
c = total number oftaxa present at the contaminated location . 

• Ratio of shredder functional feeding groups and the total number 
of individuals collected: as with the scraper/filtering collector metric, 
this metric is, based on the functional feeding group concept. The 
shredder community feeds primarily on coarse particulate organic 
matter (CPOM), such as leaves and detritus within the stream, and is 
sensitive to contaminants adsorbed to CPOM. 

Th~ values of ea~h metric were calculated for the two downstream sampling locations 

and compared to values obtained from the background location. A biological condition score of 

0, 3, or 6 was assigned according tothe comparability (percent similarity) of the sample value 

and background value. A score of 6 indicates a high degree of similarity with background, 

whereas a score ofO indicates low similarity. For all of the metrics except percent contribution 

of dominant family, Ruh~nstroth Dam was assigned a default score of 6. 

C.2 Results 

This, section presents the results of the habitat assessment, and metric values and 

biological condition scores at each investigation area relative to background . 
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Habitat Assessment and Physical/Chemical Parameters 

The physical and chemical water quality parameters measured at each location are 

provided in Table C-1. Dissolved oxygen, pH, color, and turbidity at the two investigation areas 

were similar to background. However, water temperature at the background location was colder 

than the two downstream locations, and conductivity increased progressively from Ruhenstroth 

Dam to Santiago Ruins and Fort Churchill. Stream flow velocity was greatly reduced at Fort 

Churchill compared to either of the upstream locations. 

The composition of bottom substrate and physical dimensions of flowing water (width 

and depth) at each location are provided in Table C-2. Substrate composition at Ruhenstroth 

Dam was primarily cobble and gravel, whereas boulders were more abundant and cobble and 

gravel were less so at Santiago Ruins and Fort Churchill. The river was wider and shallower at 

Fort Churchill in comparison to the other two locations. 

The habitat assessment scores are summarized in Table C-3. The habitat assessment 

score at Santiago Ruins was 97% of the score at Ruhenstroth Dam, indicating that any 

differences in the health of the biotic communities at the two locations are not primariiy 

attributable to differences in physical quality of the habitat. The habitat assessment score at Fort 

Churchill was only 78% of the score at Ruhenstroth Dam, which is considered "supporting" with 

regard to its comparability with background. Low flow, a high degree of sedimentation and bank 

erosion, trampling by cattle, and fewer bends and riffles at Fort Churchill contributed to an 

overall degradation in habitat quality. 

In summary, while habitat conditions were sufficiently similar to background at the two 

investigation areas to allow comparison of the biological condition scores, some differences in 

benthic communities unrelated to mercury contamination can be expected as a result of 

dissimilar substrate, flow rate, water temperature, water quality, and habitat disturbance. 

Biological Condition Scores 

Taxa Richness. The taxa identified at each station are provided in Table C-4. Seven 

families of benthic invertebrates were identified at both the Santiago Ruins and at Fort Churchill 

locations, compared with eight families at Ruhenstroth Dam. Both of the downstream locations 

have a taxa richness biological condition score of 6, which is equal to the background location, 

indicating that the two investigation areas do not differ significantly in taxa richness from 

unimpaired conditions. 
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Modified FBI. The data and tolerance values used to calculate the FBI are provided in 

Table C-4. The modified FBI metrics calculated for each location are 2.99 at Ruhenstroth Dam, 

3.94 at Santiag? Ruins, and 4.18 at Fort Churchill. The biological condition scores for each 

location are 6 at Ruhenstroth Dam, and 3 at both downstream locations, implying an increase in 

overall pollution tolerance of taxa and reduction in sensitive forms at Santiago Ruins and Fort 

Churchill. As can be seen from the tolerance values for each taxon shown in Table C-4, there 

was a decreased abundance of relatively sensitive EPT taxa such as Ephemerellidae, 

Psychomyiidae, Rhyacophilidae, Perlidae, and Perlodidae at the downstream locations. 

Ratio of Scraper and Filtering Collector Functional Feeding Groups. Only one 

taxon of scrapers (Ephemerellidae) and one taxon of filtering collectors (Hydropsychidae) were 

identified at each location. The scraper and filtering collector ratio was' roughly equal at both 

Santiago Ruins and Ruhe~stroth Dam, and the biological condition score for both stations was 6 

indicating no impairment:, Because only a single individual ofEphemerellidae was collected at 

Fort Churchill, the ratio of scrapers to filtering collectors was lower at this location compared to 

Ruhenstroth Dam, and Fort Churchill scored 3 for this metric. The reduced abundance of 

scrapers at Fort Churchill could be related to the profuse growth of filamentous algae at this 

location, resulting from the generally low water level, elevated water temperature, and/or 

increased nutrients. 

Ratio of EPT and Chironomidae Abundances. There was a reduction in the 

abundance ofEPT relative to chironomids at both Santiago Ruins and Fort Churchill (biological 

condition scores of3) in comparison with Ruhenstroth Dam (score of 6). The ratio of 

EPT/chironomids decreased from 5.60 at Ruhenstroth Dam to 3.23 at Santiago Ruins and 2.15 at 

Fort Churchill. This change reflects a gradual increase in the abundance of chironomids and a 

decrease in the abundance ofEPT from upstream to downstream locations (see Table C-4). 

Percent Contribution of Dominant Family. Hydropsychidae was the dominant 

family at all three locations (see Table C-4), contributing 40% of the total individuals collected 

at Ruhenstroth Dam, 34%1 at Santiago Ruins, and 33% at Fort Churchill. All of the locations 

including background received biological condition scores of 3 for this metric due to the large 

percentage of the sample dominated by a single family. The cause of the high relative 

abundance of caddisflies at all locations is unknown, but the results suggest that hydropsychids 

are particularly well adapted to regional conditions in the Carson River watershed. 
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EPT Index. The EPT index was markedly lower at the two investigation areas in 

comparison to Ruhenstroth Dam largely as a result of the previously discussed decrease in 

pollution-sensitive EPT. The EPT index was 6 at Ruhenstrotti Dam and 4 at both Santiago Ruins 

and Fort Churchill. Both Santiago Ruins and Fort Churchill scored 0 for this metric, compared 

to a score of 6 at Ruhenstroth Dam. 

Community Loss Index. The community loss index at Santiago Ruins was low in 

comparison to Ruhenstroth Dam (index= 0.4) and, thus, the biological condition score at each of 

these locations was 6 indicating no significant overall loss of benthic species at Santiago Ruins 

relative to background. The community loss index was higher at Fort Churchill (index=0.6, 

biological condition score of 3) compared with Ruhenstroth Dam, indicating a loss of the benthic 

species found upstream. However, it should be noted that the community loss index value at 

Fort Churchill is only marginally within the criteria range for a score of 3 (i.e., an index of 0.5 to 

4 is given a score of3; an index< 0.5 is given a score of6). 

Ratio of Shredder Functional Feeding Groups and the Total Number of Individuals 

Collected. At the time of sampling, there were no pockets of CPOM available and, consequent

ly, shredders were virtually absent at all three locations. Therefore, a biological condition score 

for this metric has no meaning and was not calculated. 

Comparison to Reference Score. The biological condition scores for the eight RBP II 

metrics are summarized in Table C-5. The sum ofthe biological condition scores at Santiago 

Ruins is 69% of the sum of the scores at Ruhenstroth Dam. The sum ofthe biological condition 

scores at fort Churchill is 54% of the sum of the scores at Ruhenstroth Dam. According to the 

protocol (Piafkin et al. 1989), a location that falls between 29% and 72% of the background 

biological condition score is considered to be moderately impaired. Therefore, the scores 

obtained for Santiago Ruins and Fort Churchill indicate that benthic communities at both of the 

investigation areas are experiencing moderate impairment. However, factors other than mercury 

contamination, such as the influence of other stressors and changes in habitat, could also affect 

these comparisons, as discussed in the next section. 

C.3 Summary and Interpretation 

The results of the rapid bioassessment conducted for the site ecological assessment 

indicate that a moderate degree of impairment of benthic life is associated with investigation 
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areas known to be contaminated with mercury. The mercury concentrations in the water column 

and sediment were measured in September 1994 as described in Section 3, and are summarized 

in Figure C-2. In general, the degree of impairment (as indicated by biological condition scores) 

was found to correspond ;with the degree of mercury contamination, i.e., scores generally 

decrease as levels of ionic mercury (Hg2
+) and methylmercury increase from Ruhenstroth Dam 

downstream to Santiago Ruins and Fort Churchill (see Figure C-2). 

Despite the apparent correlation of benthic community impairment with mercury levels 

in water and sediment, other factors could contribute to the observed degradation of benthic life. 

For example, water quality is reduced at both Santiago Ruins and Fort Churchill as a result of 

organic enrichment from irrigation return flow, discharge from urban areas, and other sources. 

Levels of nitrogen also were measured in surface water samples collected in September 1994. 

The results (summarized in Section 3) demonstrate increasing nutrient levels at these 

investigation areas relative to nutrient levels at Ruhenstroth Dam, which is located upstream of 

potential sources of organic enrichment such as the intensive cattle grazing in the Carson Valley 

and urban discharge from Carson City and other nearby towns. For example, total Kjeldahl 

nitrogen (TKN) levels were 0.27 mg/L at Ruhenstroth Dam, 0.42 mg/L at Santiago Ruins, and 

1.1 mg/L at Fort Churchill. Physical habitat degradation and reduced flow could also contribute 

to the lower biological copdition score at Fort Churchill. 

Furthermore, careful inspection of the benthic invertebrate data does not support the 

hypothesis that mercury is the primary stressor responsible for the impairment of the benthic 

community. For example, the most apparent degradation in benthic community structure is the 

reduced relative abundance ofEPT individuals and numbers of taxa. Yet, this reduction was 

observed at both Santiago Ruins and Fort Churchill investigation areas to a roughly equivalent 

degree (e.g., the EPT index at both locations was equal to 4 compared to an EPT index of 6 at 

Ruhenstroth Dam). No reduction inEPT taxa was observed at Fort Churchill relative to Santiago 

Ruins, despite more than two orders of magnitude increase in mercury concentrations in water 

(see Figure C-2). EPT are also sensitive to the effects of organic enrichment, habitat 

degradation, stream morphology, and other habitat conditions, which likely explains part of the 

decline in EPT composition and abundance noted in the downstream investigation areas. 

Evaluation of the trophic structure of the benthic invertebrate communities at each 

location also does not support the hypothesis that mercury is adversely affecting benthic 

communities. As discussed in Section C.2, the decline in the relative abundance of scrapers at 

Fort Churchill could be related to the abundance of filamentous algae at this location, which is 

likely a result of low water levels combined with nutrient enrichment. Moreover, hydropsychids 
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are filtering collectors and would be expected to be exposed to contaminants (such as mercury) 

adsorbed to the FPOM that makes up their food source, yet hydropsychids were the dominant 

taxon at each location. 

Finally, it is instructive to compare the levels of mercury in surface water and sediment 

porewater with levels known from laboratory toxicity testing to affect aquatic invertebrates. 

Significant sublethal effects of methylmercury on some freshwater invertebrates have been 

reported at concentrations in water as low as 30 ng/L for the planarian Dugesia dorotocephala 

(Eisler 1987). Inorganic forms of mercury are less toxic than methylmercury. For example, the 

EPA final chronic value for ionic mercury is 1.302 Jlg/L for freshwater species (EPA 1985). 

Methylmercury and ionic mercury levels in surface water and sediment porewater at Fort 

Churchill and at Santiago Ruins measured in September 1994 were below these effects levels 

(see Figure C-2). Therefore, consideration of the laboratory data does not support the hypothesis 

that mercury is present at levels toxic to benthic invertebrates at the site. 

In summary, while the benthic communities at the Santiago Ruins and Fort Churchill 

investigation areas were found to be moderately impaired compared to the Ruhenstroth Dam 

background area, and the impairment corresponds generally with increasing levels of mercury in 

the aquatic ecosystem, evaluation of the results does not support the hypothesis that mercury is 

having an adverse effect on benthic life. Rather, the moderate degree of impairment observed is 

more likely attributable to the effects of organic enrichment, reduced flow, and physical habitat 

degradation. Regardless ofthe relative importance of mercury versus other stressors, Carson 

River benthic communities are not severely impaired. In general, this finding suggests that 

resident aquatic species are relatively tolerant to the combined effects of multiple physical and 

chemical stressors prevalent at the site. 
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Table C-1 

RAPID BIOASSESSMENT 
PHYSICAL AND CHEMICAL MEASUREMENTS 

Location 

Parameter( units) Rubenstrotb Dam Santiago Ruins Fort Cbureblll • Temperature ( 0 C) 19 27.4 27.1 

Dtssolved 02 (ppm) 9.01 8.45 9.3 

pH (pH umts) 8.5 9.4 8.7 

ConductJVJty (JlS/cm) 506 625 814 

Color (observed) Clear Clear Clear 

Turbtdtty (observed) . Slight Shght Shght 

Stream Flow Velocity (rnls) ' 0.45 0.46 0.05 ' 

• 
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Table C-l 

RAPID BIOASSESSMENT 
SUBSTRATE AND PHYSICAL DIMENSIONS OF SAMPLING AREAS 

Location 

Parameter Ruhenstroth Dam Santiago Ruins Fort Churchill 

• \ 

Substrate Composition 
I 

Boulders <5% 50-55% 30-40% 

Cobble 60-70% 25-30% 30-50% 

Gravel 30-35% <5% 5-10% 

Sand 5% <5% <5% 

Stlt/Ciay 5-10% 10% <5% 

Cross-Sectional Dimensions of Flowing Water 

Width (feet) 25 25 100 

II Depth ( tnches) 8-40 4-48 3-38 

• 
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Table C-3 

RAPID BIOASSESSMENT 
HABITAT ASSESSMENT SCORE3 

Location 

Habitat Parameters Ruhenstroth Dam Santiago Ruins Fort 
Churchill 

Bottom substrate/available cover 20 20 

Embeddedness 20 15 

Flow 20 20 

Channel alteration II 15 

Bottom scouring and depos1tton II 7 

PooVriffie, run/bend ratio 15 II 

Bank stab1hty 5 10 

Bank vegetation stab1hty 10 10 

Strearns1de cover ) 10 10 

Score 122 118 

% Comparability With background - 97% 

a. Values shown are ratings ofhab1tat parameters we1ghted to emphas1ze the most b1olog1cal;y 
s1gn1ficant parameters. Ratings increase as habitat quahty increases (Piafkm et al. 1989). 
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Table C-4 

' RAPID BIOASSESSMENT 
TAXA COUNTSa 

Loeation 

Famnl Ruhenstrotb Dam Santiago Ruins Fort 
Churchill 

Order Epbemeroptera 

Baetidae (4) ' 0 14 21 

Ephemerelltdae (l) 5 5 1 

Order Trichoptera 

Psychomyildae (2) 3 0 0 

Hydropsych1dae (4) ' 40 35 32 

Limneph!lldae (4) 0 0 2 

• Rhyacoph1lidae (0) 5 0 0 

Order Plecoptera 

Perltdae (I) 27 17 0 

Perlodidae (2) 4 0 0 

Order Diptera 

Chironomidae (6) 15 22 26 

T1pulidae (3) 2 4 5 

Order Anisoptera 
I 
I 

l 

Gomph1dae ( 1) 0 0 9 

Order Oligochaeta 

Lumbriculidae spp (8) 0 5 0 

Total Organtsms 101 102 96 

Number of Orders 4 5 4 
' 
Number of Fanuhes (Taxa Rtchness) 8 7 7 

Taxa Richness Bsologtcal Conditton Score 6 6 6 

• 
a 
b Values shown are the number of organtsms counted at each Statton belongmg to a gtven taxon (family) . 

Values m parenthesis are tolerance values used to calculate the modified Family Btotlc Index. 

C-21 
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Table C-5 

RAPJD BIOASSESSMENT 
SUMMARY OF BIOLOGICAL CONDITION SCORES 

Location-

Metrics Ruhenstroth Dam Santiago Ruins Fort Churchill 

Taxa nchness 6 6 6 

Family b10tic mdex (modified) 6 3 3 

Ratto of scrapers/filtenng collectors 6 6 3 

Ratio of EPT and chirononud abundance 6 3 3 • 
% contribution of donunant fanuly 3 3 3 

EPT index 6 0 0 

Commumty loss tndex 6 6 3 

Ratio of shredders/total 
I 

NC NC NC 

Total Score 39 27 21 

% Comparison to reference score - 69% 54% 

Biological condition '' Moderately Impaired Moderately impaired 

Key: 

NC = Not calculated due to absence of coarse particulate organic matenal (CPOM) 

• 
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0.1 Introduction' 

The tables in this section present the analytical results for the C~rson River Mercury 

Site ecological assessment. Separate tables are included for mercury and other parameters in 

benthic macroinvertebrates (Table D-2), crayfish (Table D-3), fish (Tables D-4 to D-1 0), 

swallows (Table D-11 ), cormorants (Table D-12), lizards (Table D-13), zooplankton (TableD-

14), surface water (Tables D-15 to D-17), and sediment/porewater (Tables D-18 to D-20). The 

data are described and summarized in Section 3 of the report. Appendix E presents a statistical 

summary of the biota data. Summary statistics were not calculated for water, sediment, and 

sediment porewater due to the small number of samples (one to three) collected at each location. 

Table D-16 includes results for two samples from the Carson River in Carson City and Table D-

17 includes results for two samples from the Carson Lake area (Cabin Drain and Carson Lake) 

that are not discussed in the report. 

•I 

0.2 Data Qualifiers 

Several types of data qualifiers were associated with the analytical data. The qualifiers . 
are defined below and their effect on data usability for risk assessment is discussed in Section 

3.2.4. The following qualifier definitions were prepared by the Quality Assurance Management 

Section (QAMS) ofUSEPA Region 9 in accordance with the document USEPA Contract 

Laboratory Program National Functional Guidelines for Inorganic Data Review, February 1994. 

U The analyte was analyzed for but was not detected above the level of 
the reported value. The reported value is the Instrument Detection 
Limit (IDL) for waters and the Method Detection Limit (MDL) for 
soils for all the analytes except cyanide and mercury. For cyanide and 
mercury, the reported value is the Contract Required Detection Limit 
(CRDL). · 

L The analyte was analyzed for but results fell between the IDL for 
waters or the MDL for soils and the CRDL. Results are estimated and 
are considered qualitatively acceptable but quantitatively unreliable 
due to uncertainties in the analytical precision near the limit of 
detection. 

J The analyte was analyzed for and was positively identified, but the 
reported numerical value may not be consistent with the amount 
actually present in the environmental sample. 

02 ZS3490_04700-02J20/98-DI D-7 



R The analyte was analyzed for, but the presence or absence of the 
analyte has not been verified. Resampling and reanalysis are necessary 
to confirm or deny the presence of the analyte. 

UJ A combination of the "U" and the "J" qualifier. The analyte was 
analyzed for but was not detected above the reported value. The 
reported value may not accurately or precisely represent the sample 
IDLorMDL. 

0.3 Sample Designation Codes 

The surface water, sediment, and biota samples were coded by site name, habitat type, 

matrix, analyte, 'date, and QNQC status. These designations were listed in the Field Sampling 

Plan (E&E 1994) and are reproduced (with updates) for reference below (Tabi~ D-1). 

0.4 References 

Ecology & Environment, Inc. (E & E), 1994, Revised Draft Ecolgical Assessment Field' 

Sampling Plan, Phase I RIIFS, Carson River Mercury Site, Carson River, Nevada, 

prepared by E & E, San Francisco, CA. 
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Table D-1 

SAMPLE DESIGNATION CODES 

Location Codes: 

Ll = Ruhenstroth Dam Background Area (B.A.) 

L2 = Sant1ago Ruins Investigation Area (I.A.) 

L3 = Dayton State Park I.A. 

L4 = Fort €hurch1lii.A. 

L5 = Lahontan Reservoir South Basin I.A. 

L6 = Lahontan Reservoir Middle Basin I.A. 

L7 = Lahontan Reservoir North Basin LA 

LS = Pyram1d Lake B.A. 

L9 Chimney Reservoir B.A. 

LIO Rye Patch Reservoir B.A. 

Lll == USGS Gauge at Carson City 

Note See Figures 2-2 and 2-3 for locations. 

Habitat Codes: 

RIF Riffle in nver 
I 

POL Pool in river 

AQU = Aquatic hab1tat 

DL == Delta 

CHx = Channel (x =number 1-5) 

NSR == Near~shore Reservoir 

MBR Mid-basin Reservoir 

TER = Terrestrial habitat 

Matrix Codes: 

SW = Surface ~ater 

BS = Bulk sed1ment 

ST Sed1ment Trap Sample (X= Station I or 2) 

Biota Codes (x =sample number) 

ZP Zooplankton 
' 

BMx == Benthic Macroinvertebrate 

CFx = Crayfish 
I 

FCx = Carp 

FGx = Green Sunfish 

FMx = Mountam Sucker 

02 ZS3490_04700.02120198·DI 
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Table D-1 •• 
SAMPLE DESIGNATION CODES 

FTx = Tahoe Sucker 

FWx = Walleye 

FSx = Sacramento Blackfish 

LZx = , Lizard 

SBx = Swallow Blood 

SFx = Swallow Feather 

SLx = Swallow Liver 

CBx = Cormorant Blood 

CFx = Cormorant Feather 

Analysis Codes: 

Surface Water (SW) 

PH = pH/alkalinity 

CA = Cations 

AN = Amons 

NT = Nutrients • NO = Nutrients (dissolved) 

TSS = Total suspended sohds 

DOC = Dissolved Organic Carbon 

CHA = Chlorophyll-a 
' 

CN = Cyanide 

TAL = TAL morgan1c analytes 

Bulk Sediment (BS) 

AVS = Acid Volatile Sulfide 

PS = Particle Size 

PWV = Percent water and volatile matter 

TAL = TAL inorganic analytes 

CN = Cyanide 

Sample Type: 

cs = Composite sample 

CD = Composite duplicate sample 

OS = Duplicate sample • 
02 ZS3490_04700-02/20/98-DI 
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Table D~l 

SAMPLE DESIGNATION CODES 

RS = Routine mvesttgative sample 

TB = Trip blank 

Note: For water samples from the channel locations, a third letter in the •sample type" code 
mdtcates which side of the channel the sample was collected from, as mdicated in the 
footnotes for Tables D-15,' D-16, and D-17 

Date (MOIDAIYR)! 

MO = Month 

DA = Day 

YR Year 

Example. 
Indicates· 

L2RIF-SW(AN)-6/l 0/94-RS 
Surface water sample for anton analysis from the riffle location at the Santiago 
Rums InvesttgatiOn Area; sampled 6/10/94; routme mvestigative sample. 

' L 7MBR-BS(PWV)-8120194-RS 

Page 3 of3 

Example· 
Indicates. Bottom sedtment sample for analysis of percent water and volatile matter from 

the mid-basin station in the north basm of Lahontan Reservoir, sampled 8/20/94; 
routine investigative sample 

02 ZS3490_D47()().{)2!20/98-Dl 
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Table D-2. Mercury in Benthic Macroinvertebrates at Carson River Mercury Site (ug/g wet wt.) 

Mercurv Concentration Dry 
Location Species Date SampleiD Ionic Methyl Total %Methyl Fraction 
Ruhenstroth Dam Cadd1sfly 8/17/94 L1RIF-BM1-CS 0.041 J 
Ruhenstroth Dam Caddisfly 8/17/94 L 1 RIF-BM2-CS 0.026 J 0.092 J 0.118 78% 
Ruhenstroth Dam Caddisfly 8/17/94 L 1 RIF-BM3-CS 0.02 J 0.071 J 0.091 78% 0 1721 

Santiago Ruins Caddisfly 8/17/94 L2RIF-BM1-CS 0.118 J 0.338 J 0.456 74% 0.1938 
Santiago Ruins Cadd1sfly 8/17/94. L2RIF-BM2-CS 0.088 J 0.292 J 0.38 77% 0.1815 
Santiago Ruins Caddisfly 8/17/94 L2RIF-BM3-CS 0.14 J 0.408 J 0.548 74% 0.1869 

Fort Churchill Caddisflv 8/17/94 L4RIF-BM1-CS 01.063 J 
Fort Churchill Caddisflv 8/17/94 L4RIF-BM2-CS 0.707 J 0.542 J 1.249 43% 
Fort Churchill Cadd1sfly 8/17/94 L4RIF-BM3-CS 0.564 J 0.412 J 0.976 42% 

Lahontan Reservoir South Bas1n Midge 9/17/94 L5NSR-BM1-CS 0.153UJ 0.028 0.105 J 27% 0.172 
Lahontan Reservoir South Basin Midge 9/17/94 L5NSR-BM2-CS 0.038 UJ 0.036 0.055 J 65% 0.2 
Lahontan Reservoir South Basin Midge 9/17/94 LSNSR-BM3-CS 0.13 UJ 0.025 0.090 J 28% 0.178 

Lahontan Reservoir Mrddle Bas1n Midge 9/17/94 L6NSR-BM1-CS 0.081 UJ 0.041 0.082 J 50% 
Lahontan Reservoir Middle Basin Midge 9/17/94 L6NSR-BM2-CS 0.324 UJ 0.039 0.201 J 19% 
Lahontan Reservoir Middle Bas1n Mrdoe 9/17/94 L6NSR-BM3-CS 0.073 UJ 0.075 0:-112 J 67% 0.17 

Lahontan Reservoir North Basin MidQe 8/18/94 L7NSR-BM1-CS 0.069 J 0.045 J 0.113 40% 
Lahontan Reservoir North Basin MidQe 8/18/94 L 7NSR-BM2-CS 0.054 J 0.097 J 0.151 64% 
Lahontan Reservoir North Basin Midoe 8/18/94 L7NSR-BM3-CS 0.078 J 0.02 J 0.098 20% 

Chimney Reservoir Midge 8/20/94 L9NSR-BM1-CS 0.017 UJ 0.021 J 0.030 71% 
Chimney Reservoir M1dge 8/20/94 L9NSR-BM2-CS 0.008 LJ 0.007 J 0.015 47% 
C:hlrnnE:Y Reservoir Midge 8/20/94 L9NSR-BM3-CS 0.04 UJ 0.027 J 0.047 57% 

c.\access\carson\epadata\biotadat.xls 



0 
I 

....... 
~ 

Table D-3. Mercury in Crayfish at Carson River Mercury Site (ug/g wet wt.) 

Collection Crayfish Mercury Concentration 
Location Date Sample ID Number Ionic Methyl Total %Methyl 
Ruhenstroth Dam 8/10/94 L 1AQU-CF1-RS 1 0.006 LJ 0.059 0.065 90.8% 
Ruhenstroth Dam 8/10/94 L 1 AQU-CF2-RS 2 0.004 LJ 0.12 0.124 96.8% 
Ruhenstroth Dam 8/10/94 L 1 AQU-CF3-RS 3 0.002 LJ 0.062 0.064 96.9% 
Ruhenstroth Dam 8110/94 L 1 AQU-CF4-RS 4 0.0035 u 0.069 0.069 100.0% 
Ruhenstroth Dam 8/10/94 L 1 AQU-CF5-RS 5 0.004 LJ 0.103 0.107 96.3% 

Santiago Ruin·s 8/10/94 L2AQU-CF1-RS 1 0.01 J 0.21 0.22 95.5% 
Santiago Ruins: 8/10/94 L2AQU-CF2-RS 2 0.023J 0.324 0.347 93.4% 
Santiago Ruins 8/10/94 L2AQU-CF3-RS 3 0.029J 0.293 0.322 91.0% 
Santiago Ruins 8/10/94 L2AQU-CF4-RS 4 0.016J 0.354 0.37 95.7% 
Santiago Ruins 8/10/94 L2AQU-CF5-RS 5 0.014 J 0.394 0.408 96.6% 
Santiago Ruins 8/13/94 L2AQU-CF6-RS 6 0.025J 0.443 0.468 94.7% 
Santiago Ruins 8/13/94 L2AQU-CF7-RS 7 0.027 J 0.417 0.444 93.9% 

Dayton State Park 9/7/94 L3POL-CF1-RS 1 0.083 0.864 0.947 91.2% 

Fort Churchill 8/12/94 L4AQU-CF1-RS 1 0.078 J 0.934 1.012 92.3% 
Fort Churchill 8/12194 L4AQU-CF2-RS 2 0.122 J 0.919 1.041 88.3% 
Fort Churchill 8/12194 L4AQU-CF3-RS 3 0.101 J 0.432 0.533 81.1% 
Fort Churchill 8/12194 L4AQU-CF4-RS 4 0.118 J 0.936 1.054 88.8% 
Fort Churchill 8/12194 L4AQU-CF5-RS 5 0.146 J 0.818 0.964 84.9% 
Fort Churchill 8/12194 L4AQU-CF6-RS 6 0.104 J 0.759 0.863 87.9% 
Fort Churchill 8/12194 L4AQU-CF7 -RS 7 0.106 J 0.745 0.851 87.5% 
Fort Churchill 8/12194 L4AQU-CF8-RS 8 0.153 J 0.642 0.795 80.8% 
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Dry 
Fraction 

0.2113 
0.2167 
0.2411 
0.2449 
0.3175 

0.1633 
0.2882 
0.2992 
0.2576 
0.2478 
0.2679 

0.32 

0.328 

0.1785 
0.255 

0.2751 
0.272 

0.3201 
0.2928 
0.2547 
0.2637 

• 
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Tab.4. Mercury in Walleye at Carson River Mercury Site • wet wt.) 
- -

kocation 
Collection Fish Tissue Mercury Concentration 

Date SampleiD Number Type Ionic Methyl Total o/o Methyl 
1 Ch1mnev Reservoir 8/22/94 L9AQU-FW1 1 whole 0.336 
. Chimney Reservo1r 8/21/94 L9AQU-FW2 2 whole 0.005 0.327 0.332 98.5% 

i Lahontan Reservoir North Basin 3/1/94 L7NSR-FW1 1 muscle 0155 J 8.649 8.804 98.2% 
Lahontan Reservoir North Bas~n 3/1/94 L7NSR-FW1 1 whole 0.098 J 5.984 6.082 98.4% 
Lahontan Reservoir North Bas~n 3/1/94 L7NSR-FW2 2 muscle 8.267 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW2 2 whole 6.205 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW3 3 muscle 9.564 
Lahontan Reservoir North Bas1n 3/1/94 L7NSR-FW3 3 whole 6.894 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW4 4 muscle 8.949 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW4 4 whole 6.893 
Lahontan Reservo1r North-Bas~n . 3/1/94 L7NSR-FW5 5 muscle 0.131 J 7 886 8.017 98.4% 
Lahontan Reservoir North Bas1n 3/1/94 L7NSR-FW5 5 whole 0.094 J 6.136 6.23 98.5% 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW6 6 muscle 0.165 J 7 662 7.827 97.9% 
Lahontan Reservo1r North Basin 3/1/94 L7NSR-FW6 6 whole 0.11 J 6.269 6.379 98.3% 
Lahontan Reservoir North Bas1n 3/1/94 L7NSR-FW7 7 muscle 8.886 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW7 7 whole 5507 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW8 8 muscle 6.437 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW8 8 whole 6.433 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW9 9 muscle 8.083 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW9 9 whole 5.454 
Lahontan Reservo1r North Bas~n 3/1/94 L7NSR-FW10 10 muscle 6.787 
Lahontan Reservoir North Basin 3/1/94 L7NSR-FW10 10 whole 5.891 

Lahontan Reservotr North Bas1n 8/16/94 L7AQU-FW1 1 muscle 004 6.12 6.16 99 4% 
Lahontan Reservotr North Basin 8/16/94 L7AQU-FW1 1 whole 0.067 4.205 4272 98.4% 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW2 2 muscle 5.42 
Lahontan Reservoir North Bas1n 8/17/94 L7AQU-FW2 2 whole 5262 
Lahontan Reservoir North Bas1n 8/17/94 L7AQU-FW3 3 muscle 4.899 
Lahontan Reservoir North Bas1n 8/17/94 L7AQU-FW3 3 whole 4.423 
Lahontan Reservoir North Bas1n 8/17/94 L7AQU-FW4 4 muscle 0.049 7.625 7.674 99.4% 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW4 4 whole 0.112 5.423 5 535 98 Oo/o 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW5 5 muscle 5262 
Lahontan Reservoir North Bas~n 8/17/94 L7AQU-FW5 5 whole 4.264 
Lahontan Reservoir North Bas1n 8/17/94 L7AQU-FW6 6 whole 4.678 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW7 7 muscle 5.901 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW7 7 whole 4.234 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW8 8 muscle 0.055 8.022 8.077 99.3% 
Lahontan Reservoir North Bas1n 8/17/94 L7AQU-FW8 8 whole 0.084 4.784 4.868 98.3% 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW9 9 muscle 5292 
Lahontan Reservoir North Bas1n 8/17/94 L7AQU-FW9 9 whole 4.557 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW10 10 muscle 4.944 
Lahontan Reservoir North Basin 8/17/94 L7AQU-FW10 10 whole 4.505 
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Dry Length 

Fraction (mm) Weight (g) Age (yrs) 

0.228 164 24.8 1+ 
0.235 183 39 9 1+, 

0.214 500 1701.0 4+ 
0 315 500 1701.0 4+ 
0.228 442 1077.3 3+ 
0.308 442 1077.3 3+ 
0228 495 2012.8 4+ 
0.228 495 2012.8 4+ 
0.221 544 2523.1 4+ 
0.346 544 2523.1 4+ 
0.232 541 2579.8 - 4+ 
0.382 541 2579.8 4+ 
0.229 445 1304.1 3+ 
0.316 445 1304.1 3+ 
0.221 411 963.9 2+ 
0.311 411 963.9 2+ 
0.224 439 1190.7 3+ 
0.311 439 1190.7 3+ 
0.219 417 1048.9 2+ 
0.298 417 1048 9 2+ 
0.218 455 1275.7 3+ 
0.301 455 1275.7 3+ 

0218 341 336.4 3+ 
0 279 341 336.4 3+ 
0.209 341 383.0 3+ 
0.280 341 383.0 3+ 
0 201 301 226.0 2+ 
0.250 301 226.0 2+ 
0.206 326 301 2 2+ 
0286 326 301.2 2+ 
0 219 331 307.1 2+ 
0272 331 307.1 2+ 
0.262 326 279.2 2+ 
0.210 339 353.4 3+ 
0.288 339 353.4 3+ 
0199 332 275.9 3+ 
0.274 332 275.9 3+ 
0.206 363 428.0 4+ 
0.271 363 428.0 4+ 
0 204 335 294.2 3+ 
0266 335 2942 3+ 



0 
I 

...... 
0"1 

Table D-5. Mercury in Sacramento Blackfish at Carson River Mercury Site (ug/g wet wt.) 

Collection Fish Mercury Concentration Dry 
Location Date Sample ID Number Ionic Methyl Total %Methyl Fraction 
Rye Patch Reservoir 8/19/94 L10AQU-FS1 1 0.002 LJ 0.042 0.044 95.5% 0.195 
Rye Patch Reservoir 8/19/94 L10AQU-FS2 2 0.089 0.187 
Rye Patch Reservoir 8/19/94 L10AQU-FS3 3 0.051 0.194 
Rye Patch Reservoir 8/19/94 L10AQU-FS4 4 0.002 u 0.064 0.065 98.5% 0.195 
Rye Patch Reservoir 8/19/94 L10AQU-FS5 5 0.071 0.206 
Rye Patch Reservoir 8/19/94 L10AQU-FS6 6 0.029 0.201 
Rye Patch Reservoir 8/19/94 L10AQU-FS7 7 0.043 0.204 

, Rye Patch Reservoir 8/19/94 L10AQU-FS8 8 0.001 L J 0.048 O.O't9 98.0% 0.186 
Rye Patch Reservoir 8/19/94 L10AQU-FS9 9 0.116 0.216 
Rye Patch Reservoir 8/19/94 L 1 OAQU-FS 1 0 10 0.057 0.202 

Lahontan Reservoir North Basin- 8/16/94 L7AQU-FS1 1 0.073 0.598 0.671 89.1% 0.194 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS2 2 0.632 0.219 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS4 4 0.015 0.497 0.512 97.1% 0.222 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS5 5 0.377 0.205 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS6 6 0.495 0.216 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS7 7 0.022 0.366 0.388 94.3% 0.227 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS8 8 0.403 0.229 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS9 9 0.269 0.222 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS10 10 0.484 0.222 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS11 11 0.03 0.601 0.631 95.2% 0.191 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS12 12 0.215 0.228 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS13 13 0:549 0.209 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS14 14 0.573 0.199 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS15 15 0.019 0.367 0.386 95.1% 0.194 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS16 16 0.697 0.203 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS17 17 0.942 0.199 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS18 18 0.843 0.205 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS19 19 0.022 0.514 0.536 95.9% 0.197 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FS20 20 0.862 0.117 
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Length 
(mm) Weight (g) Age (yrs 

126 15.7 1+ 
206 86.6 2+ 
123 14.1 1+ 
124 13.8 1+ 
216 97.7 2+ 
121 14.8 1+ 
129 17.1 1+ 
121 14.4 1+ 
131 16.0 1+ -

130 16.1 1+ 

207 98.7 2+ 
183 59.1 1+ 
174 53.0 1+ 
160 34.1 1+ 
162 43.2 1+ 
164 40.6 1+ 
163 40.0 1+ 
157 41.5 1+ 
143 27.6 1+ 
143 30.0 1+ 
154 35.7 1+ 
139 26.7 1+ 
151 32.1 1+ 
138 23 8 1+ 
132 20.9 1+ 
140 26.6 1+ 
122 16.8 1+ 
130 17.1 1+ 
144 24.3 1+ 
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Table 0-6. Mercury in Reservoir Carp at Carson River Mercury Site (uglg wet wt.) 

Collection Fish Mercury Concentration 
Location Date Sample ID Number Tissue Type Ionic Methvl Total %Methyl 

Rye Patch Reservoir 8/19/94 L10AQU-FC1 1 whole 0.148 
Rye Patch Reservoir 8/19/94 L10AQU-FC2 2 whole 0.126 
Rye Patch Reservoir 8/19/94 L10AQU-FC3 3 whole 0.004 LJ 0.18 0.184 97.8% 
Rye Patch Reservoir 8/19/94 L10AQU-FC4 4 whole 0229 
lh'_e Patch Reservoir 8/19/94 L10AQU-FC5 5 whole 0.104 
Rye Patch Reservoir 8/19/94 L10AQU-FC6 6 whole 0 024 0 109 0133 82.0% 
Rye Patch Reservoir 8/19/94 L10AQU-FC7 7 whole 0.23 
flye Patch Reservoir 8/19/94 L10AQU-FC8 8 whole 0.053 
Rye Patch Reservoir 8/19/94 L10AQU-FC9 9 whole 0.009 0.071 008 88.8% 
Rye Patch Reservo1r 8/19/94 L 1 OAQU-FC10 10 whole 0.125 

Lahontan Reservoir North Basin 8/16/94 L7AQU-FC1 1 muscle 3.235 J 
Lahontan Reservoir North Bas1n 8/16/94 L7AOU-FC1 1 whole 2.324 J 
Lahontan Reservoir North Bas1n 8/16/94 L7AQU-FC2 2 muscle 0.103 UJ 1.899 1 951 973% 
Lahontan Reservoir North Bas~n 8/16/94 L7AQU-FC2 2 whole 0.116 J 1 226 1 342 914% 
Lahontan Reservo1r North Bas~n 8/16/94 L7AQU-FC3 3 muscle 0.918 J 
Lahontan Reservoir North Bas1n 8/16/94 L7AOU-FC3 3 whole 0.746 J 
Lahontan Reservoir North Bas~n 8/16/94 L7AOU-FC4 4 whole 0.598 J 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FC5 5 whole 037 J 
Lahontan Reservo1r North Bas~n 8/16/94 L7AOU-FC6 6 whole 0 056 UJ 1 286 1 314 97.9% 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FC7 7 whole 0.287 
Lahontan Reservo1r North Basin 8/16/94 L7AQU-FC8 8 whole 0499J 
Lahontan Reservoir North Bas1n 8/16/94 L7AQU-FC9 9 whole 0 348 J 
Lahontan Reservo1r North Basin 8/16/94 L7AOU-FC10 10 whole 0.024 UJ 0535 0 547 97.8% 
Lahontan Reservoir North Bas1n 8/16/94 L7AQU-FC11 11 whole 0 286J 
Lahontan Reservo1r North Bas1n 8/16/94 L7AQU-FC12 12 whole 0.69J 
Lahontan Reservoir North Bas~n 8/16/94 L7AQU-FC13 13 whole 0036 UJ 0.687 0 705 974% 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FC14 14 whole 0.621 J 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FC15 15 whole 0.298 J 
Lahontan Reservoir North Bas1n 8/16/94 L7AQU-FC16 16 whole 0 015 UJ 0433 0.441 983% 
Lahontan Reservoir North Bas1n 8/16/94 L7AOU-FC17 17 whole 0.308 J 
Lahontan Reservoir North Bas1n 8/16/94 L7AOU-FC18 18 whole 0 253J 
Lahontan Reservoir North Basin 8/16/94 L7AQU-FC19 19 whole 0.025 UJ 0.341 0.354 96.5% 
Lahontan Reservo1r North Basin 8/16/94 L7AQU-FC20 20 whole 1 547 J 
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Dry 

Fraction Length (mm) Weight (g) Age (yrs) 
0.232 263 242.9 3+ 
0.239 256 214.2 2+ 
0.243 273 262.4 3+ 
0202 238 183.7 2+ 
0.207 155 50.3 2+ 
0.207 166 62.4 2+ 
0222 171 65.1 2+ 
0.218 164 64.1 2+ 

. 0.221 163 61.2 2+ 
0.209 173 64.3 2+ 

0.195 490 1713 5 5+ 
0222 490 1713.5 5+ 
0194 378 532.1 3+ 
0.229 378 532.1 3+ 
0.187 256 215.7 2+ 
0199 256 215.7 2+ 
0.202 246 195.2 2+ 
0203 244 196.4 2+ 
0.205 197 103.7 2+ 
0.208 179 75 3 2+ 
0.219 192 101.0 2+ 
0203 211 125 7 2+ 
0 195 200 105 2 2+ 
0.195 209 120 3 2+ 
0.204 183 862 2+ 
0162 163 608 2+ 
0202 171 71.9 2+ 
0203 165 65.5 2+ 

/ 0 164 160 534 2+ 
0222 152 50 8 2+ 
0.209 152 49.8 2+ 
0195 146 46.3 2+ 
0209 142 42.9 2+ 
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Table D-7. Mercury in Carson River Carp at Carson River Mercury Site (uglg wet wt.) 

Collection Fish Mercury Concentration Dry 
Location Date Sample ID Number Tissue Type Ionic Methyl Total %Methyl Fraction 
Santiago Ruins 8/10/94 L2AQU-FC1 1 muscle 1.127 0.228 
Santiago Ruins 8/10/94 L2AQU-FC1 1 whole 0.816 0.302 
Santiago Ruins 8/10/94 L2AQU-FC2 2 muscle 0.015 1.388 1.403 98.9% 0.209 
Santiaao Ruins 8/10/94 L2AQU-FC2 2 whole 0.062 1.011 '1.073 94.2% 0.308 
Santiago Ruins 8/13/94 L2AOU·FC3 3 muscle 1.827 J 0.200 
Santiaao Ruins 8/13/94 L2AOU·FC3 3 whole 1.9 J 0.215 
Santiago Ruins 8/13/94 L2AQU-FC4 4 whole 1.043 0.230 
Santiaao Ruins 8/13/94 L2AOU·FC5 5 muscle 0.046 J 1.518 1.564 97.1% 0.207 
Sant1ago Ruins 8/13/94 L2AOU·FC5 5 whole 0.126 J 0.923 1.049 J 88.0% 0.260 

Dayton State Park 8/15/94 L3AQU-FC1 1 muscle 0.079 UJ 2.318 2.358 98.3% 0.190 
Dayton State Park 8/15/94 L3AOU·FC1 1 whole 0.405 J 1.685 2.09J 80.6% 0.234 
Dayton State Park 8/15/94 L3AQU·FC2 2 muscle 1.157 0.198 
Dayton State Park 8/15/94 L3AQU-FC2 2 whole 1.033 0.273 
Dayton State Park 8/15/94 L3AQU-FC3 3 whole 0.135 1.521 1.656 91.8% 0.295 
Dayton State Park 8/15/94 L3AQU-FC4 4 muscle 2.969 0.210 
Dayton State Park 8/15/94 L3AQU-FC4 4 whole 2.205 0.269 
Dayton State Park 8/15/94 L3AQU-FC5 5 muscle 2.562 0.204 
Dayton State Park 8/15/94 L3AOU·FC5 5 whole 1.811 0.303 
Dayton State Park 8/15/94 L3AQU-FC6 6 muscle 1.665 J 0.209 
Dayton State Park 8/15/94 L3AOU·FC6 6 whole 1.303 J 0.263 
Dayton State Park 8/15/94 L3AQU-FC7 7 muscle 1.247 0.204 
Dayton State Park 8/15/94 L3AOU·FC7 7 whole 1.082 0.255 
Dayton State Park 8/15194 L3AQU-FC8 8 muscle 0.072 J 3.953 4.025 98.2% 0.198 
Dayton State Park 8/15/94 L3AQU·FC8 8 whole 0.203 J 2.883 3.086 93.4% 0.224 

Fort Churchill 8/12194 L4AOU·FC1 1 muscle 0.16 J 2.585 2.745 94.2% 0.202 
Fort Churchill 8/12194 L4AQU-FC1 1 whole 0.231 J 1.342 1.573 J 85.3% 0.235 
Fort Churchill 8/12194 L4AQU-FC2 2 muscle 1.437 J 0.196 
Fort Churchill 8/12194 L4AQU-FC2 2 whole 1.329 J 0.204 
Fort Churchill 8/12194 L4AQU-FC3 3 muscle 1.715J 0.211 
Fort Churchill 8/12194 L4AQU-FC3 3 whole 1.355 J 0.277 
Fort Churchill 8/12194 L4AQU-FC4 4 muscle 0.122 J 3.083 3.205 96.2% 0.142 
Fort Churchill 8/12194 L4AQU-FC4 4 whole 0.888 J 2.049 2.937 J 69.8% 0.196 
Fort Churchill 8/12194 L4AQU-FC5 5 muscle 2.578 J 0.217 
Fort Churchill 8/12194 L4AQU-FC5 5 whole 1.787 J 0.295 
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Length (mm) Weight (g) Age(yrs' 
513 1782.2 4+ 
513 1782.2 4+ 
424 1135.8 3+ 
424 1135.8 3+ 
773 5030.0 7+ 
773 5030.0 7+ 
660 4800.0 6+ 
645 3880.0 5+ 
645 3880.0 5+ 

725 3628.7 N/A 
725 3628.7 N/A 
528 1721.6 5+ 
528 1721.6 5+ 
577 2745.1 6+ 
513 1868.2 5+ 
513 1868.2 5+ 
467 1423.6 4+ 
467 1423.6 4+ 
502 1898.4 5+ 
502 1898.4 5+ 
468 1315.3 4+ 
468 1315.3 4+ 
468 1267.9 4+ 
468 1267.9 4+ 

424 854.1 6+ 
424 854.1 6+ 
497 1478.9 5+ 
497 1478.9 5+ 
395 764.1 5+ 
395 764.1 5+ 
586 2045.6 N/A 
586 2045.6 N/A 
412 891.1 4+ 
412 891.1 4+ 
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Table D-8. Mercury in Tahoe Sucker at Carson River Mercury Site (ug/g wet wt.) 

- - -

Fish Tissue Mercury Concentration 
Location Date Sample ID Number Type Ionic Methyl Total %Methyl 
Ruhenstroth Dam 8/11/94 L1AQU-FT1 1 whole 0.117 1.653 1.77 93.4% 

Santiago Ruins 8/13/94 L2AQU-FT1 1 whole 0.598 
Santiago Ruins 8/13/94 L2AQU-FT2 2 whole 0.05 0.737 0.787 93.6% 
Santiago Ruins 8/17/94 L2AQU-FT3 3 whole 0.032 0.649 0.681 95.3% 
SantiaQo Ruins 8/17/94 L2AQU-FT4 4 whole 0.52 

- - . - -

Dayton State Park 8/15/94 L3AQU-FT1 1 muscle 0.028 3.018 3.046 99.1% 
Dayton State Park 8/15/94 L3AQU-FT1 1 whole 0.094 1.99 2.084 95.5% 
Dayton State Park 8/15/94 L3AQU-FT2 2 whole 0.141 2.724 2.865 95.1% 
Dayton State Park 8/15/94 L3AQU-FT3 3 muscle 2.374 
Dayton State Park 8/15/94 L3AQU-FT3 3 whole 2.401 
Dayton State Park 8/15/94 L3AQU-FT4 4 whole 1.099 
Dayton State Park 8/15/94 L3AQU-FT5 5 whole 1.166 
Dayton State Park 8/15/94 L3AQU-FT6 6 whole 1.337 
Dayton State Park 8/15/94 L3AQU-FT8 8 whole 1.262 

Fort Churchill 8/12/94 L4AQU-FT1 1 whole 1.838 
Fort Churchill 8/12/94 L4AQU-FT2 2 whole 2.084 
Fort Churchill 8/12/94 L4AQU-FT3 3 whole 1.926 
Fort Churchill 8/12/94 L4AQU-FT4 4 whole 0.477 1.083 1.56 69.4% 
Fort Churchill 8/12/94 L4AQU-FT5 5 whole 1.968 
Fort Churchill 8/12/94 L4AQU-FT6 6 whole 0.803 1.408 2.211 63.7% 
Fort Churchill 8/12/94 L4AQU-FT7 7 whole 0.437 1.719 2.156 79.7% 
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Dry Length 

Fraction (mm) Weight (g) Age (yrs) 
0.209 212 117.4 2+ 

0.209 121 16.8 1+ 
0.231 164 49.8 2+ 
0.268 90 9.5 0+ 
0.259 105 13.4 0+ 

. - . ·-

0.189 241 115.9 3+ 
0.234 241 115.9 3+ 
0.211 253 137.0 4+ 
0.194 238 131.9 3+ 

0.27 238 131.9 3+ 
0.227 186 53.2 2+ 
0.234 202 71.8 2+ 
0.199 126 18.4 1+ 
0.198 95 6.7 0+ 

0.218 134 21.6 1+ 
0.243 195 67.2 2+ 
0.281 190 60.1 2+ 
0.254 131 20.1 1+ 
0.232 136 25.3 1+ 
0.227 N/A N/A N/A 
0.25 N/A N/A N/A 
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Table D-9. Mercury in Mountain Sucker at Carson River Mercury Site (ug/g wet wt.) 

Fish Mercury Concentration 
!Location Date SampleiD Number Ionic Methyl Total % Methvn 
Ruhenstroth Dam 8/10/94 L1AQU-FM1 1 0.07 
Ruhenstroth Dam 8/10/94 L1AQU-FM2 2 0.004 0.102 J 0.106J 96% 0.278 
Ruhenstroth Dam 8/10/94 L1AQU-FM3 3 0.11 0.304 
Ruhenstroth Dam 8/10/94 L1AQU-FM4 4 0.23 0.284 
IRuhenstroth Dam 8/11/94 L1AQU-FM5 5 0.11 0.312 
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116 18.5 2+ 
111 18.5 2+ 
162 52.5 4+ 
124 22.7 3+ 

• 
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Table D·1 0. Mercury in Green Sunfish at Carson River Mercury Site (ug/g wet wt.) 

---·-·-·-·-··-··- -----

Collection Fish Mercury Concentration Dry 
Location Date Sample ID Number Ionic Methyl Total %Methyl Fraction 
Santiago Ruins 8/13/94 L2AQU-FG1 1 0.825 0.256 
Santiago Ruins 8/13/94 L2AQU-FG2 2 0.019 0.728 J 0.747 J 97.5% 0.254 
Santiago Ruins 8/13/94 L2AQU-FG3 3 0.027 0.743 J 0.770 J 96.5% 0.266 
Santiago Ruins 8/13/94 L2AQU-FG4 4' 0.617 0.246 
Santiago Ruins 8/13/94 L2AQU-FG5 5 0.802 0.25 

Fort Churchill 8/12/94 L4AQU-FG1 1 2.083 0.23 
Fort Churchill 8/12/94 L4AQU-FG2 2 0.076 0.771 J 0.847 J 91.0% 0.277 
Fort Churchill ' 8/12/94 L4AQU-FG3 3 r 0.079 1.239 J 1.318J 94.0% 0.258 
Fort Churchill 8/12/94 L4AQU-FG4 4 1.811 0.235 
Fort Churchill 8/12/94 L4AQU-FG5 5 1.611 0.283 
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Length 
(mm) Weight (g) Age (yrs) 

112 25.9 3+ 
123 34.5 4+ 

-' 133 45.0 5+ 
35.8 4+ 

113 20.0 3+ 

139 52.9 5+ 
127 44.0 4+ 
121 40.8 4+ 
99 16.3 3+ 
93 14.8 3+ 



Table 0-11 Mercury m Bank Swallows at Carson R1ver Mercury S1te (uglg)* 

Collectron Brrd Tissue Mercury Concentratron Dry 
!Location Date Sample ID Number Type lonrc Methyl Total %Methyl Fraction 

Ruhenstroth Dam 6/24/94 L 1TER-SB1 1 Blood 0 011 J 0 188 0 199 94 5% • Ruhenstroth Dam 6/24/94 L 1TER-SF1 1 Feather 0 278 
Ruhenstroth Dam 6/24/94 L 1TER-SL 1 1 L1ver 0 412 J 0 278 
Ruhenstroth Dam 6/24/94 L 1TER-SB2 2 Blood 0 065 J 0 187 0 252 74 2% 
Ruhenstroth Dam 61,24/94 L 1TER-SF2 2 Feather 1 675 
Ruhenstroth Dam 6/24/94 L 1TER-SL2 2 L1ver 0 664 J 0 277 

Ruhenstroth Dam 6/24/94 L 1TER-SB3 3 Blood 0 029 J 0 602 0 631 95 4% 
Ruhenstroth Dam 6/24/94 L 1TER-SF3 3 Feather 0 082 J 2 057 2 139 96 2% 
Ruhenstroth Dam 6/24/94 L 1TER-SL3 3 L1ver 0 054 1 16 1 214 95 6% 0 296 
Ruhenstroth Dam 6/24/94 L 1TER-SB4 4 Blood 0 041 J 0 809 0 85 95 2% 
Ruhenstroth Dam 6/24/94 L 1TER-SF4 4 Feather 0 089 J 1 666 1 755 94 9% 
Ruhenstroth Dam 6/24/94 L 1TER-SL4 4 L1ver 0 082 1 12 1 802 954% 0 255 
Ruhenstroth Dam 6/24/94 L 1TER-SB5 5 Blood 0 018 J 0 269 0 287 93 7% 
Ruhenstroth Dam 6/24/94 L 1TER-SF5 5 Feather 0 187 J 4 747 4 934 962% 
Ruhenstroth Dam 6/24/94 L 1TER-SL5 5 L1ver 0 026 0 837 0 863 97 0% 03 
Ruhenstroth Dam 6/24/94 L 1TER-SB6 6 Blood 0 031 0 389 0 42 92 6% 
Ruhenstroth Dam 6/24/94 L 1TER-SF6 6 Feather 5 
Ruhenstroth Dam 6/24/94 L 1TER-SL6 6 L1ver 0 476 0 319 

Ruhenstroth Dam 6/24/94 L 1TER-SB7 7 Blood 0 163 J 2 48 2 643 93 8% 
Ruhenstroth Dam 6/24/94 L 1TER-SF7 7 Feather 2 
Ruhenstroth Dam 6/24/94 L 1TER-SL7 7 L1ver 1 92 J 0 311 
Ruhenstroth Dam 6/24/94 L 1TER-SB8 8 Blood 0 038 J 0 899 0 936 96 0% 
Ruhenstroth Dam 6/24/94 L 1TER-SF8 8 Feather 2 697 
Ruhenstroth Dam 6/24/94 L 1TER-SL8 8 L1ver 0 87 J 0 296 
Ruhenstroth Dam 6/24/94 L 1TER-SB9 9 Blood 0 082 J 0 569 0 651 87 4% 
Ruhenstroth Dam 6/24/94 L 1TER-SF9 9 Feather 1 324 
Ruhenstroth Dam 6/24/94 L 1TER-SL9 9 L1ver 0 711 J 0 27 

Ruhenstroth Dam 6/24/94 L 1TER-SB10 10 Blood 0 042 J 0 525 0 567 92 6% 
Ruhenstroth Dam 6/24/94 L 1TER-SF10 10 Feather 2 45 
Ruhenstroth Dam 6/24/94 L 1TER-SL 10 10 L1ver 0 822 J 0 314 • 
Lahontan Reservoir Middle Bas1n 6/28/94 L6TER-SB1 1 Blood 0 159 J 2 247 2 406 934% 
Lahontan ReservOir M1ddle Bas1n 6/28/94 L6TER-SF1 1 Feather 2 097 
Lahontan Reservoir Middle Bas1n 6/28/94 L6TER-SL 1 1 L1ver 3 398 J 0 287 
Lahontan ReservOir Middle Bas1n 6/28/94 L6TER-SB2 2 Blood 0 183 J 1 842 2 025 910% 
Lahontan ReservOir M1ddle Bas1n 6/28/94 L6TER-SF2 2 Feather 1 752 
Lahontan ReservOir M1ddle Bas1n 6/28/94 L6TER-SL2 2 L1ver 3 315 J 0 316 
Lahontan ReservOir Middle Bas1n 6/28/94 L6TER-SB3 3 Blood 0 477 J 3 837 4 314 88 9% 
Lahontan Reservo1r M1ddle Bas1n 6/28/94 L6TER-SF3 3 Feather 0 181 J 3 454 3 635 95 0% 
Lahontan Reservo1r M1ddle Basin 6/28/94 L6TER-SL3 3 L1ver 0 212 5 395 5 607 962% 0 25 
Lahontan ReservOir Middle Bas1n 6/28/94 L6TER-SB4 4 Blood 0 25 J 2 096 2 346 89 3% 
Lahontan Reservoir Middle Bas1n 6/28/94 L6TER-SF4 4 Feather 0 096 J 1 177 1 273 92 5% 

Lahontan Reservoir Middle Bas1n 6/28/94 L6TER-SL4 4 L1ver 0 086 4 101 4 187 97 9% 0 288 

Lahontan Reservoir Middle Bas1n 6/28/94 L6TER-SB5 5 Blood 0 188 J 1 879 2 167 91 3% 
Lahontan Reservo1r M1ddle Bas1n 6/28/94 L6TER-SF5 5 Feather 0 062 J 0 64 0 702 91 2% 
Lahontan Reservo1r M1ddle Bas1n 6/28/94 L6TER-SL5 5 L1ver 0 236 6 716 6 952 966% 0 305 
Lahontan Reservo1r M1ddle Bas1n 6/28/94 L6TER-SB6 6 Blood 0 165 J 1 907 2 072 92 0% 
Lahontan Reservoir M1ddle Bas1n 6/28/94 L6TER-SF6 6 Feather 1 53 

Lahontan Reservoir Middle Bas1n 6/28/94 L6TER-SL6 6 L1ver 2 303 J 0 312 

Lahontan Reservo1r M1ddle Bas1n 6/28/94 L6TER-SB7 7 Blood 0 231 J 2 403 2 634 91 2% 

Lahontan ReservOir Middle Bas1n 6/28/94 L6TER-SF7 7 Feather 2 946 

Lahontan Reservoir Middle Bas1n 6/28/94 L6TER-SL7 7 L1ver 2 367 J 0 302 

Lahontan Reservo1r Middle Bas1n 6/28/94 L6TER-SB8 8 Blood 0 264 J 2 653 2 917 90 9% 

Lahontan Reservo1r Middle Bas1n 6128194 L6TER-SF8 8 Feather 2 054 

Lahontan Reservoir M1ddle Basin 6/28/94 L6TER-SL8 8 L1ver 3 526 J 0 312 

·Dry we1ght for feather samples wet we1ght for blood and liver samples • 
D-22 
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Table D-12. Mercury in Cormorants at Carson River Mercury Stte (uglg)* 

------··-·······-

Collection Bird Tissue Mercury Concentration 
Location Date Sample ID Number Type Ionic Methyl Total %Methyl 
Pyram1d Lake 7/20/94 L8TER-CB1 1 Blood 0 006 0 391 0 397 98 5% 
Pyram1d Lake 7/20/94 L8TER-CF1 1 Feather 7 951 
Pyram1d Lake 7/20/94 L8TER-CB2 2 Blood 0 023 0 478 0 501 95 4% 
Pyram1d Lake 7/20/94 L8TER-CF2 2 Feather 8 378 
Pyramid Lake 7/20/94 L8TER-CB3 3 Blood 0 084 0 268 0 352 76 1% 
Pyramid Lake 7120194 L8TER-CF3 3 Feather 0 154 J 6 527 6 681 97 7% 
Pyram1d Lake -7120/94 L8TER-CB4 4 Blood - 0 011 "0404 - 0 415 97 3% 
Pyram1d Lake 7120194 L8TER-CF4 4 Feather 0 321 J 8 53 8 851 964% 
Pyram1d Lake 7120194 LBTER-CBS 5 Blood 0 012 0 381 0 393 969% 
Pyramid Lake 7120194 LBTER-CF5 5 Feather 0 113 J 9 46 9 573 98 8% 
Pyramid Lake 7/20/94 L8TER-CB6 6 Blood 0 024 0 765 0 789 97 0% 
Pyramid Lake 7/20/94 LBTER-CF6 6 Feather 11 807 
Pyram1d Lake 7/20/94 LBTER-CB7 7 Blood 0 087 0 291 0 378 770% 
Pyramid Lake 7/20/94 LBTER-CF7 7 Feather 6 328 
Pyram1d Lake 7120194 L8TER-CB8 8 Blood 0 022 0646 0668 96 7% 
Pyram1d Lake 7/20/94 L8TER-CF8 8 Feather 12 48 

lahor'ltan Reservo11 North Basm 6/29/94 L7TER-CB1 1 Blood 0 3r6 37 664 38 04 99 0% 
lahontan Reservorr North Bas1n 6/29/94 L7TER-CF1 1 Feather 187 456 
lahontan Reservoir North Bas1n 6/29/94 L7TER-CB2 2 Blood 0 05 7 434 7 484 99 3% 
Lahontan Reservo1r North Basm 6/29/94 l7TER-CF2 2 Feather 67 403 ; 

Lahontan Reservo1r North Basm 6/29/94 L7TER-CB3 3 Blood 0 408 14 615 15 023 97 3%] 
Lal1ontan ReservOir North Basm 6/29/94 l7TER-CF3 3 Feather 1 858 J 138 725 140 583 98 7%' 
Lahontan Reservo1r North Bas1n 6/29/94 L7TER-CB4 4 Blood 0 232 16 565 16 797 98 6% 
Lahontan Reservoir North Bas1n 6/29/94 L7TER-CF4 4 Feather 1 246 J 61 586 62 832 98 0% 
lahontan Reservotr North Basm 6/29/94 L7TER-CB5 5 Blood 0 12 23 433 23 553 99 5% 
lahontan Reservo1r North Basm 6/29/94 l7TER-CF5 5 Feather 2 231 J 114 497 116 728 98 1% 
Lahontan Reservo1r North Bas1n 6/29/94 l7TER-CB6 6 Blood 0 175 16 627 16 802 99 0% 
Lahontan Reservo1r North Basm 6/29/94 L7TER-CF6 6 Feather 119 213 

Lahontan Reservotr North Basm 6/30/94 L7TER-CB7 7 Blood 0 097 1 654 1 751 94 5% 
lahontan Reservoir North Basm 6/30/94 L7TER-CF7 7 Feather 39 407 

•ory we1ght for feather samples, wet we1ght for blood samples 
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Table D-13. Mercury in Lizards at Carson River Mercury Site (uglg wet wt.) 
-

Collection Lizard Mercury Concentration 
Location Date Sample ID Number Ionic Methyl Total %Methyl 
Ruhenstroth Dam 8/9/94 L 1TER-LZ1-RS 1 0.007 J 0.149 0.156 95.5% 
Ruhenstroth Dam 8/9/94 L 1TER-LZ2-RS 2 0.002 J 0.138 0.14 98.6% 
Ruhenstroth Dam 8/9/94 L 1 TER-LZ3-RS 3 0.009 J 0.043 0.052 82.7% 
Ruhenstroth Dam 8/9/94 L 1 TER-LZ4-RS 4 0.011 J 0.012 0.023 52.2% 
Ruhenstroth Dam 8/9/94 L 1 TER-LZ5-RS 5 0.0008 u J 0.066 0.0664 99.4% 
Ruhenstroth Dam 8/9/94 L 1 TER-LZ6-RS 6 0.004 J 0.054 0.058 93.1% 
Ruhenstroth Dam 8/9/94 L 1 TER-LZ7 -RS 7 0.003J 0.068 0.071 95.8% 
RUhenstroth Dam 8/9/94 L 1 TER-LZ8-RS 8 0.002 J 0.049 0.051 96.1% 

Santiago Ruins 8/9/94 L2TER-LZ1-RS 1 0.287 J 0.969 1.256 77.1% 
Santiago Ruins 8/9/94 L2TER-LZ2-RS 2 1.006 J 0.644 1.65 39.0% 
Santiago Ruins 8/9/94 L2TER-LZ3-RS 3 0.418 J 0.436 0.854 51.1% 
Santiago Ruins 8/9/94 L2TER-LZ4-RS 4 0.65J 0.023 0.673 3.4% 
Santiago Ruins 8/9/94 L2TER-LZ5-RS 5 0.176 J 1.38 1.556 88.7% 
Santiago Ruins 8/9/94 L2TER-LZ6-RS 6 0.123 J 0.674 0.797 84.6% 
Santiago Ruins 8/9/94 L2TER-LZ7-RS 7 0.111 J 0.886 0.997 88.9% 
Santiago Ruins 8/9/94 L2TER-LZ8-RS 8 0.271 J 0.999 1.27 78.7% 

Six Mile Canyon 8/11/94 L3TER-LZ1-RS 1 0.245 J 0.143 0.388 36.9% 
Six Mile Canyon 8/11/94 L3TER-LZ2-RS 2 0.672 J 0.472 1.144 41.3% 
Six Mile Canyon 8/11/94 L3TER-LZ3-RS 3 0.452 J 0.348 0.8 43.5% 
Six M1le Canyon 8/11/94 L3TER-LZ4-RS 4 0.355 J 0.246 0.601 40.9% 
Six M1le Canyon 8/11/94 L3TER-LZ5-RS 5 1.667 J 0.411 2.078 19.8% 
Six M1le Canyon 8/11/94 L3TER-LZ6-RS 6 0.426 J 0.252 0.678 37.2% 
S1x Mile Canyon 8/11/94 L3TER-LZ7-RS 7 0.65J 0.297 0.947 31.4% 
S1x Mile Canyon 8/11/94 L3TER-LZ8-RS 8 0.172 J 0.165 0.337 49.0% 
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Dry Length Frozen 
Fraction I (inches) Weight(g) 

0.2998 7 19.5 
·0.2909 6.5 15 
0.2942 6.5 15.9 
0.2961 5.5 . 11.5 
0.2849 7 17.5 
0.2764 7 17.4 
0.2595 6.5 14.5 
0.285 6 19.5 

0.2499 6 11 
0.2463 5.5 17.5 
0.2486 6 10.4 
0.2596 6.5 13.5 
0.2553 6.5 15.1 
0.2783 5.5 10.2 
0.2888 7 15.3 
0.2779 5.5 20.5 

0.2566 7 15 
0.2781 7 19.1 
0.2341 5.5 9.7 
0.2606 6 10.1 
0.2616 6.5 14.5 
0.2687 5.5 9.8 
0.2473 6 11.3 
0.2343 5.5 7.5 
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Table D-14. Mercury in Composite Zooplankton Samples from Lahontan 
Reservoir and Pyramid Lake. 

Sample# I Date 
LR South Basin - RS 5/95 
LR Middle Basin - RS 5/95 
LR North Basin - RS 9/94 
LR North Basin - DS 9/94 
LR North Basin - RS 2/95 
LR North Basin - DS 2/95 
LR North Basin - R~ 5/95 
LR North Basin - DS 15/95 

I Pvramid Lake* - RS 9/94 

* Background Location 

Key: OS = Duplicate Sample 

LA = Lahontan Res~rvoir 
AS= Routine Sample 

Total Hg Methyl Hg 
(ug/g DW) (ug/g DW) %Methyl 

1.29 1.534 118.9% 
1.061 0.505 47.6% 
3.024 0.183 6.1% I 
2.383 0.192 8.1% 
0.498 0.194 39.0% 
0.9441 o.2o I 21.2% 

1.92 1.532 79.8% 
2.187 0.94 43.0% 
0.064 0.022 33.9% 
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Table D-15. Surface Water Chemtcal Charactensttcs (Sept '94) 

c lacces.lsW994dal xis 
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Tab/.5 Surface Water Chemical Charactenstics (Sept '94) • 
LSNSR-SW-RS L6NSR-SW RS L6NSR-SW-TB L7CH5 SW-DSC LtcHS-SW-RSA l7C 5-:sW-RSt< LtcH~-:>W t<:>C LICHS-SW-TB L7MBR-SW-RS l7NSR-SW-RS UNSR-SW TB 

Parameter Unrts (South Bas1n) (Mrddle Bas•nl (M•ddle Basrn) (Below Dam)' (Below Dam)' -(Below Dam)' (Below Dam)' (Below Dam) (North Bas1n) (North Bas1n) (North Bas1n) 

Total Mercury (UF) ngll 1671 J 2065 J 14l J 656.65 J 670 J ~ 678 9 J 701 4 J 39 L J 4931 J 340 8 J NS 

TotaiMercury(F) ng/L 1345J 1397J 24LJ 302J 439J 297J 295J 97J 431J 445J NS 

Total Mercury (TSS) nola (drv) -- •• NA -- - •• •• NA -- •• NS 

~onomethyl Hg (UF) naiL 4 44 6 24 J 014 U 2 04 1 66 1 104 J 1 54 052 L J 1 89 1 37 NS 

~onomethyl Hg (F) ngiL 566 539 014 U 119 092 L J 072 l J 113 014 U 058L J 084l J NS 

~onomelhyl Mercury (TSSi nglg (dry) -- •• NA ·• !- -- -· NA I·· - NS 

pomc Mercury (UF) ng/L 616 J 664 J NA 166 5 J 164 9 J 163 7 J 185 4 J NA 114 6 J 122 2 J NS 

mcMercury(F) jngll I406J I735J INA I42LJ I69LJ I365LJ I73LJ INA I113J lt65J INS 

ab1le MHg (UF! jngll It 22 1838 INA 1262 1251 1203 1227 INA 12 12055 INS 

I 
Lab1le MHg (F) NS 

Elemental Mercury NS I 
D1methyl Mercury NS 

pH IStd Umtsj65 18 158 179 INS INS 179 149 18 185 INS 
BocarbonateAikailmty jmg/L 1436 1196 I2U 1128 INS INS 1126 I2U 1136 1149 INS 

~;;::::-:-:;:=:::L.---t='7.---F.2i;;Oi:'-U 120 U 12 U 120 U INS INS 120 U 12 U 120 U 120 U INS 
436 

SuHate,Drssolved lmgll 1180 1181 I45LJ 192 INS INS 1915 I34LJ lt06 1119 INS 
Chlonde D•ssolved mgll 57 40 1 9 9 L J 25 6 NS NS 25 4 T 14 L J 130 2 !34 7 ll\15 
DOC mgll 26 4 1 U 3 1 NS NS 3 9 1 U 3 9 4 3 NS 1 
Chlorophyll-a ugll 53 9 10 I 1 U 4 4 NS NS 7 5 1 U 271 119 NS I 
Total Phosph_oM ___ ~ 1 6 1 3 01 U 4 NS NS 38 J. 02 L J l4 J. 47 J.NS 
[10i3fK!eidaiill\1•trogen Jmgll 13 6 11 I 06 IB9 J INS INS 186 J I 06 112 12 INS 

mg NIL I 02 U I 02 U I 02 U I 4 INS INS I 36 I 02 U I 32 I 02 U INS 
.. mgNIL 02U 02U 02U 02U NS NS 02U 02U 02U 02U NS H 
11a-N mgNIL 09 13 06U 06 NS NS 06U 06U 06U 06U NS II 
urn Total ug/L NS NS NS NS NS NS NS NS NS 2760 28 4 U II 
-,y, Total ugll NS NS NS NS NS NS NS NS NS 25 6 U 25 6 U II 

Total ug/L NS NS NS NS NS NS NS NS NS 35 3 1 2 U 
Total ug/l NS NS NS NS NS NS NS NS NS 92 4 L J 1 1 U 

1m Total Jug!L NS NS NS NS NS NS NS NS NS 3U T3U 1 
"" Total lugiL NS NS NS NS NS NS NS NS NS 3 9 U j3 9 U I 

ugll NS NS NS NS NS NS NS NS NS 45300 127 5 U 
otal ug/L NS NS NS NS NS NS NS NS NS 3 7 U 13 7 U 

ug/L INS INS INS INS INS INS INS INS INS 14 6 U 14 6 U 
1r, Total iJiii[ NS NS NS NS NS NS NS NS NS 6 3 L J 2 8 U 
otal ugll NS NS NS NS NS NS NS NS NS 2810 14 3 L J 
rotal ug/L NS NS NS NS NS NS NS NS NS 4 3 J 4 U 

lft.ttagnes•um Total ugll NS NS NS NS NS NS NS NS NS 11800 34 3 U 
~se. Total ugll NS NS _ NS ___ _ NS _____ NS __ NS NS _ N_S NS 556 1 7 U 

~ ~rcury Total ugll NS NS NS NS NS NS NS NS NS 38 2 U 
NICO<el, Total ugil NS NS NS NS NS NS NS NS NS 16 7 U 16 7 U 
PotaSSIUm, Total ugll NS NS NS NS NS NS NS NS NS 5810 530 U H 
Selen•um, Total ugiL NS NS NS NS NS NS NS NS NS 1 U 1 U I 
Solver, Total ug/l NS NS NS NS NS _ NS NS NS _____ NS 36 U 3 6 U J 
Sod1um Total ugtl NS NS NS NS NS NS NS NS NS 72600 27 4 U 

aThaU1um. Total !ug/l NS NS NS NS NS NS NS NS NS 9 U 9 U I 
1Vanad1um, Total !uall NS NS NS NS NS NS NS NS NS 12 1 L J 3 7 U 
Z!flC, Total ua1L NS NS NS NS NS NS NS NS NS 98LJ 26U 

Jug/[. INS INs-----.NS- INS INS INS INs INS IN$ I10U I10U 
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Table 0-15 Surface Water Chem1cal Charactenst1cs (Sept '94) Page 3 of 3 

Umls I {Pyramid) I [Pyram1d) (Chimney) (Chimney) 

olal Mercury (UF) lngll 11 15 laJ 17 45 74 78 Key 
otal Mercury (F) }ngiL jssJ }13L J 1 2 35 95 69 NA = Not Analyzed 

756 NA 959 118 NS =Not Sampled 
013 u 056 087 -- = Not Calculated 

~~--

013 u 013 u 02 u 02 L J (F) filtered 
52 NA 83 104 (UF) = unfiltered 

NA 1 29 J NA 51 J 3 77 J (TSS) = total suspended solids 
ng/L 16U NA 58 J NA 31 J 22 J 
ng/L 01 u NA 033 NA 028 029 Footnotes 

ngll 007 u NA 023 NA 026 015 u •East bank 

ngll 01 u J 015l J 02 u 03 04 L J 07 bMid-channel 

ngll 00t3U 0013 u 002 u 002 u 002U 002U <west bank 

92 52 85 J 86 J 84 J 8 5 J •ouphcate for East bank -906 2U 145 2U 303 276 
330 2U 20 u 2U 20U 20U 
1240 2U 145 2U 303 276 
21 .()8 209 1 67 6 605 
10000 39 7LJ 27400 383LJ 40700 42600 
120000 63 5 u 4930 L J 63 su 22800 23800 
1860000 355L J 43400 280 LJ 210000 221000 
123000 J 1170 u 9310 1170U 21900 22400 
300 06U 264 1LJ 98 5 122 
2140 osu 197 12l J 198 220 
12 1U NA NA NA NA 
1 7 1 u 62 J 1UJ 14 4 J 148 J 
07 OHJ 41 02LJ 16 

96 08 86 
27 J - 02UJ 02 u J 

0 !"'""~ .. .na.-- . - --- 02 UJ 02UJ oa u J 

I IIAmmoma-N rna NIL 06U 06U 06U 06U 07 
N IIA!um•num Total fug/L 284U 28 4 u 9510 329U 3010 
ro fftnt1mnnv Tnb1 lpn/1 I?~ r:; 11 !?~ r:; 11 284 u 284 u 284 u 

183 28U 48 
882 LJ 106U 106LJ 
16U 16U 16U 
3U 3U 3U 
30000 869 L J 46900 
4U 4U 4U 
123U 12 3U 12 3 u 
91LJ 19U 55LJ 
8150 J 6060 2780 J 
11 u 11 u 26LJ 
7310 519U 23200 
122 104 LJ 
2 J 2UJ 
17 3 u 173U 
11100 343LJ 
2LJ 17U 
18U 18U 
42100 941 LJ 
36U 36U 
253LJ 55U 
266 J 258 
5U 5U 
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Tab/e.6 Surface Water Chemtcal Charactensttcs (Feb '95) 

L1RIF SWDS L IRIF-SW-RS L2RIF-SW-RS L2RIF-SW-T8 L3RIF-SW-RS 
Parameter UnitS (Ruhenstrolh) tRunenstroth) (Santiago) (Santiago) (Dayton) 

Total Mercury (UF) ngll 683 831 205 19 LJ 50 

T olal Mercury (F) ngll 1 37 2 21 248 11 LJ 43 

Total Mercury (TSS) ngtg (dry) 376 421 1243 NA 2597 

Monomethyl Hg (UF) ng/L 072 l J 047 l J 448 041 l J 776 

Monomethvt Hg (F) ng/L 034 LJ 031 L J 298 014 u 484 

Monomelhyl Hg (TSS) nglg (dry) 2 62 11 1038 NA 177 

IOntC Mercury (UF) ngiL 1 87 1 57 796 04U 1965 

IOniC Mercury (F) ngll 42 44 89 04 1 79 

lon1c Mercury (TSS) nglg (dry) 100 78 488 NA 1015 

Labile MHQ (UF) ngll 1lU 11 u 21 018 u 39 

Lab1le MHq (Fl ng/L 04U 05 18 018 u 3 

Lab1le MHq iTSSJ ng/g (dry) 4 u 4 u 24 NA 51 

Elemental Mercury rigll 07 u 07 u 07 u 07 u 07 u 
Otmelhyl Mercury ngll 003 u 003 u 003 u 003 u 003 u 
pH Sid Umts 77 76 79 52 8 
Btcarbonate Alkaltn•t mgll 65 62 94 2 u 96 
Gartlonate Alkaltmty lmq/L 20 u 20 u 20 u 2 u 20 u 
Total Alkahn1ty mgll 65 62 94 2 u 96 
TSS mgll 14 5 14 5 145 2 17 6 
CalCium D•ssolved ugiL NA NA 30300 184 L J 31600 
Magnestum Otssolved ug/L NA NA 7610 468 u 7830 
SOdtum Otssolved ugll NA NA 28300 120 u 29400 
Potasstum 01ssotved ugll NA NA 2370 lJ 1220 u 2720 lJ 
Sutrate. Dtssolved mgll 324 32 5 569 15 LJ 58 
Chlonde, D•ssctlved mgll 53 53 151 09 u 152 

DOC mgll 4 4 56 3 u 61 
Chlorophyll-a ugll 13 1 7 62 1 u 69 
Total Phosphorus mgPIL 01 u 01 u 08 01 u 07 
Total KJe!dahl Ntltogen mgNIL 25 25 45 05 u 43 

N•trate-N mgNIL 02U 02U 05 l J 02U 03 LJ 
N•mte-N jmg NIL 04U 04U 04U 04U 04U 
Ammonta·N mQNJL 05 u 1 J 05 J 07 06J 
Alumtnum Total u/L 971 lJ 919 L J NS NS NS 
Anbmony Total ;ug 172U 172U NS NS NS 

Arsentc, Total ILJ!I 99 LJ 10 LJ NS NS NS 

Banum Total jugll 311 L J 31 LJ NS NS NS 
Berylt1um Total u 5 u 5U NS NS NS 
Cadmtum T otat - u 22 u 2 2 u NS NS NS 
CalCium Total u 19300 19100 NS NS NS 
Chromtum T olal u 34 u 34 u NS NS NS 

Coball, Total u 4 u 4 u NS NS NS 

Capper, T otsl ug 46 LJ 51 LJ NS NS NS 
Iron, Total ug 582 LJ 54 LJ NS NS NS 

Lead, Total lug 12 L J 34 NS NS NS 

MagneSium Total u 5060 5050 NS NS NS 

Manganese. Total Ui/L 152 13 LJ NS NS NS 

Mercury Total Ui/L 1 UJ 1 u J NS NS NS 

Ntckel, T atal UCI 8 3 u 83 u NS NS NS 

Polasstum, T atal u 1260 LJ 1220 u NS NS NS 

Selentum, Total u 8 u 8 u NS NS NS 

Stiver, Total u 42 u 42 u NS NS NS 

Sodtum. Total u 13900 13800 NS NS NS 

ThalliUm, Total u 11 u J 11 u J NS NS NS 

Vanadtum, Total u 36 u 36 u NS NS NS 

Zmc Totel Ui/L 276 263 NS NS NS 

Cyantde ug!1.. 10 u 10 u NS NS NS 

c laccesslcarsonldata2_95\sw295dat xis 
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L4RIF-SW RS L4RIF-SW-T8 LSCHI-SW-CD LSCHI-SW-CS LSCH 1-SW CS.A 

(Churchtll) (Churchill) (Weeks Bndge) (Weeks Bndge) (Weeks Bndge)• 

1626 17 L J NS NS 2628 
17 74 1LJ NS NS 2002 

31659 NA NS NS 63843 

3308 014 u NS NS 4017 

833 014 u NS NS 923 

48 7 NA NS NS 75 7 

8469 12 u NS NS 914 J 

1052 24 u NS NS 1165 

12527 NA NS NS 22089 

1 38 03U NS NS 163 

71 06U NS NS 73 

132 NA NS NS 22 

04 u 04U NS NS 26 
002 UJ 002 UJ NS NS 002 UJ 
79 46 79 79 NS 
89 2 u 86 89 NS 
20 u 2 u 20 u 20 u NS 
89 2 u 96 89 NS 
508 0 NS NS 408 
NA NA 30100 29800 NS 
NA NA 7240 7200 NS 
NA NA 28200 27800 NS 
NA NA 2590 L J 2940 lJ NS 
536 2 LJ 556 565 NS 
126 09 u 13 133 NS 
49 31 L J 5 46 NS 
10 1 1 u 11 2 118 NS 
12 01 u 12 11 NS 
55 05 51 48 NS 
02 u 02 u 02 u 02 u NS 
04U 04U 04U 04U NS 
06J 06 05 u 05 u NS 
631LJ 55 LJ NS NS NS 
172U 17 2 u NS NS NS 
95 LJ 25 u NS NS NS 
359 LJ 9U NS NS NS 
5U 5 u NS NS NS 
22 u 22 u NS NS NS 
28600 23 LJ NS NS NS 
34 u 34 u NS NS NS 
4 u 4 u NS NS NS 
37 u 37 u NS NS NS 
106 69 u NS NS NS 
31 1 4 L J NS NS NS 
6890 468U NS NS NS 
155 8 u NS NS NS 
1 3 J 1 UJ NS NS NS 
83 u 83 u NS NS NS 
2300 LJ 1220 u NS NS NS 
8 u J 8 u NS NS NS 
42 u 42 u NS NS NS 
26300 120 u NS NS NS 
11 u 11 u J NS NS NS 
36 u 36 u NS NS NS 
146 LJ 51 L J NS NS NS 
10 u 10 u NS NS NS 
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Table 0-16 Surface Water Chem1cal Charactenst1cs (Feb '95) 

L5CHt-SW CSB L5CHt-SWCSC L5CHt SW-CSD L5NSR-SW-RS L6CH2-SWCS 

Parameter Umls (Weeks Bndge )" (Weeks Bndge)' (Weeks Bndge)' (South Bason) (F1sherman Pt )" 

Total Mercury (UF) ng/L 2309 2446 2765 2788 t 7t7 4 

Total Mercury (F) ng!L 22 29 22 75 23 2t 20 7 30 5 

Total Mercury (TSS) ng/g (dry) 55978 59320 67tt8 22372 t9294 

Monomethyt Hg (UF) ng/L 4 3t7 4 453 5054 5 545 t93 

Monomethyt Hg (F) ng/L 879 69t 994 52 757 

Monomethyt Hg (TSS) ngtg (dry) 842 92 t 994 406 32 9 

tome Mercury (UF) ng!L 754 7 788 3 885 6 J 1100 223 9 

ton1c Mercury (F) ng!L t2 1 t2 33 14 82 10 23 t2 Bt 

; ton1c Mercury (TSS) ngtg (dry) t8t89 t8996 21317 8810 5930 
I 
Lab1le MHg (UF) ng/L 1 73 1 58 16 1 38 75 

Lab1le MHg (F) ng/L· 62 59 76 3 5 

Lab1le MHg (TSS) nglg (dry) 2i 1 24 2 206 87 7 

Elemental Mercury ng/L tB 06 14 07 u 07 u 
D1methyl Mercury ng!L 007 J 002 UJ 002 UJ 003 u 003 u 
pH Std Ulllls NS NS NS 78 8 
Btcarbonate Alkahmty mgtL NS NS NS 109 104 
Carbonate Alkallmty mQ/L NS NS NS 20 u 20 u 
Total Atkallmty mQ/L NS NS NS 109 104 
TSS mg!L 40 8 408 40 8 123 7 356 
CalCium D1ssotved ug/L NS NS NS 34700 34600 
Magnes1um D1ssotved ug!L NS NS NS 8390 8260 
Sod1um D1ssolved ug/L NS NS NS 31800 32400 
Potass1um, Dossolved ug/L NS NS NS 2870 L J 3600 L J 
Sulfate. Dossotved mgtL NS NS NS 668 652 
Chlonde Dossolved mg!L NS NS NS 164 16 3 

DOC mg!L NS NS NS 7 68 
Chlorophyll-a uQ/L NS NS NS 63 43 
T otat Phosphorus mgP/L NS NS NS 28 16 
Total K eldahl Notrogen mgN/L NS NS NS 83 72 
Notrate-N mgN!L NS NS NS 02 u 02 u 
Notnte-N mgNIL NS NS NS 04U 04U 
Ammonta-N mQN/L NS NS NS 09 J 07 J 
Alumonum. Total ug!L NS NS NS NS NS 
Anbmony T otat ug/L NS NS NS NS NS 
Arsenoc Total ug!L NS NS NS NS NS 
Banum. Total ug!L NS NS NS NS NS 
Beryllium. Total uQ/L NS NS NS NS NS 
Cadmoum, Total UQ/L NS NS NS NS NS 
Cale~um T a tat ug!L NS NS NS NS NS 
Chromoum Total ug!L NS NS NS NS NS 

Cobalt. T a tal ugtL NS NS NS NS NS 

Copper. Total ug!L NS NS NS NS NS 

tron. Total ug} NS NS NS NS NS 

Lead Total ugl NS NS NS NS NS 

MaQnesoum T otat ugt NS NS NS NS NS 

Manganese. Total ug/ NS NS NS NS NS 

Mereu!'/. T a tal ug!L NS NS NS NS NS 

Nocket, Total ug!L NS NS NS NS NS 

Potassoum. Total ugtL NS NS NS NS NS 

Selenoum. T a tal ugtL NS NS NS NS NS 

Solver. Total ug!L NS NS NS NS NS 

Sodoum. T alai ug!L NS NS NS NS NS 

Thallium T alai uQ/L NS NS NS NS NS 

Vanadoum Total uQ/L NS NS NS NS NS 

Zmc. Total uQ/L NS NS NS NS NS 

Cvanode ugiL NS NS NS NS NS 
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L6CH3-SW-CS L6CH3-SW-CSA L6CH3 SW-CSB L6CH3-SW CSC l6MBR-SW-RS 
(Narrows) (Narrows)' (Narrows{ (Narrows)• (M1ddte Bas1n) 

NS t97 2 240 8 256 9 787 

NS tt Bt t2 5 t3 t9 t9t6 

NS t0076 t2408 t3245 t7774 

NS 527 672 874 2609 

NS 226 285 27t 729 

NS 16 4 2t 32 8 43 5 

NS 97 120 5 1296 4062 

NS 4 92 5 45 5 93 11 27 

NS 5004 6253 672t 9142 

NS 5 u 5 u 5 u t 01 

NS 12 13 t6 53 

NS 21 u 2t u 21 u t11 

NS 1t 09 07 03 
NS 003 u J 003 u J 003 u J 003 u J 
8 NS_ NS NS 8 
89 NS NS NS 91 
20 u NS NS NS - 20 u 
89 NS NS NS 91 
NS 184 18 4 184 43 2 
33700 NS NS NS 30200 
8360 NS NS NS 7210 
41800 NS NS NS 29400 
4140_LJ NS NS NS 3750 L J 
79 3 NS NS NS 595 
252 NS NS NS 132 
67 NS NS NS 62 
83 NS NS NS 71 
08 NS NS NS 14 
64 NS NS NS 59 
09 LJ NS NS NS 02 u 
04U NS NS NS 04U 
05 u NS NS NS 09 J 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 

• • 



Table.6 Surface Water Chemtcal Charactensttcs (Feb '95) • t.3of3 
Parameter IUn1ls I (Middle Bas1n1 I (Truc~ee)" (Norlh Bas101 (North Basml 

4612 32 12 33 39 3292 5 83 5 52 Key 
193 3 76 346 384 1 39 134 NA Not Analyzed 
412 2384 3218 1773 236 308 NS = Not Sampled 
691 24 256 272 225 23 (F) =filtered 
199 085 LJ 082 l J 074 L J 115 139 (UF) = unfiltered 

146 13 18 7 121 76 52 (TSS) = total suspended solids 
1042 12 55 12 9 1514 2 02 209 
43 1 55 129 1 3 37 47 footnotes 

938 924 1248 844 115 92 'Near South bank 

3 u 5 u 5 u 3 u 111 103 'Mid-channel 

11 u 11 u 055 074 095 <Near North bank 

19 u 33 u 42 u 15 u 2 9 dDuphcate near South bank 

12 15 12 
-

05 u 05 u 'Near West bank 04 u 
002 UJ 003 u J 003 UJ 002 u J 002 u J 002 UJ 
78 81 82 8 77 77 
73 86 89 89 73 73 
20 u 20 u 20 u 20 u 20 u 20 u 
73 86 89 89 73 73 
108 5 11 9 93 164 14 4 177 
16300 30300 NA NS NA NA 
5240 8490 NA NS NA NA 
17100 43800 NA NS NA NA 
2640 L J 3220 LJ NA NS NA NA 
27 1 643 658 NS 353 361 
241 323 33 1 NS 83 83 
43 48 54 NS 4 1 46 
312 166 198 NS 21 26 
11 04 04 NS 05 05 

0 ,_,_ .. ._, __ ,, ···-- ......... _ -- 81 59 57 NS 34 32 
0 UN•trate-N rna NIL 02 u 11 16 15 NS 04 LJ 05 LJ I 
w IIN1tnle-N maNIL 04U 04U 04 u 04U NS 04U 04U 
....... J)Ammorna-N Jma NIL J 07 J 06J 09J 09 J NS 05U 05 u 

NS NS 56 4 L J NS 967 lJ 761 
NS NS 192 LJ INS '2 172U 
NS NS 136 INS 

INS NS 392 LJ NS 
NS NS 5U NS 
NS NS 22 u NS 
NS NS 30300 NS 22300 23000 
NS NS 34 u NS 34 u 34 u 
NS NS 4 u NS 4 u 4 u 

6 LJ NS 56 LJ 46 LJ 
249 LJ NS 156 867 
14 LJ NS 1 u 1 u 
8480 NS 5560 5780 
34 LJ NS 269 75 2 
1 u NS 1 u 1 u 

83 u NS 83 u 83 u 
4650 LJ NS 1380 L J 2450 L J 
au NS e UJ 8 u 
42 u NS 42 u 42 u 
43800 NS 19400 19800 
11 u NS 1 1 u 11 u 
36 u NS 36 u 55 LJ 
257 NS 7 3 LJ 6 LJ 
10 u NS 10 u 10 u 

c laccess\carsol>\data2_95\sw295dalxls 
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Table 0.:17 Surface Water Chemical Charactenstics (May 1995) 

L1RIF-SWRS l1RIF-SW-T8 L2RIF-SW-RS l3RIF SW-RS L4RIF-SW-DS L4RIF SW-RS L5CH1-SW-CS 

Parameter Un1IS ( Ruhenstroth) (Ruhensltoth) (Sanbago) (Dayton) (Churchill) (Churchill) (Weeks Bndge) 

Total Mercury (UF) ng/L 13 35 38 L J 807 3588 2681 J 3596 J NS 

Tolal Mercury (F) ng/L 2 15 J 54 2 75 4 21 36 51 J 3469J NS 

Total Mercury (TSS) nQ!g (dry) 359 NA 1058 4678 25157 35864 NS 

Monomethyl Hg (UF) ng/L 104 J 005U J 331 J 758J 4 781 J 5235J NS 

Monomethyl Hg (F) ng/L 044 LJ 025 L J 141 J 203J 536J 521 J NS 

Monomethyl Hg (TSS) nglg (dry) 1 92 NA 258 7 51 4039 47 47 NS 

lontc Mercury (UF) ng/L 2 44 J 18UJ 1068J 1763J 988J 815 J NS 

lome Mercury (F) ng/L 7JJ 18 u j 1 OSJ 2 24 j 283J 25 3 j NS 

lome Mercury (TSS) ngla (drvt 55 NA 131 203 9131 7953 NS 

Labile MHg (UF) ng/L 01 u OIU 1715 213 109 1 55 NS 

Labile MHg (F) ng/L 034 OIU 094 13 383 382 NS 

Lab•le MHg (TSS) nglg (dry) 14 u NA 1 OS 109 6 73 11 76 NS 

Elemental Mercury ng/L 04 u 12 04 u 04 u 16 j 22 j NS 
Dimethyl Mercury ngll 0085 LJ 0006U 0006U 0006U 0006 L J 0007 L J NS 
pH Std UnitS NA 5 NA NA NA NA NA 

B•carbonate Alkahmty ug/L 47 IOU 49 52 51 56 50 
Carbonate Alkahmty ug/L 20U IOU 20U 20U 20U 20U 20U 
Total Alkali Oily ug/L 47 IOU 49 52 51 58 50 
TSS mg/L 312 a 73 7 758 1051 993 NS 
Calaum D•ssolved UQ/L NA NA 14700 14800 NA NA 15800 
MagneSIUm DISSOlved ug/L NA NA 3700LJ 3640 LJ NA NA 4250LJ 
Sod1um. DISSolved ug/L NA NA 14300 12000 NA NA 9800 
PotasSium Dissolved ug/L NA NA 1490 lJ 1490 LJ NA NA 2380W 

Sulfate D•ssolved mg/L 93 0 16L 17 3 183 156 15 7 161 

Chlonde. Dtssolved mgiL 15 005U 45 48 34 34 36 

DOC mg/L 39 027U 39 151 11 7 162 17 2 

Chlorophyll-a uQIL 1U 1 u 1 7 11 1 9 21 1U 

Total Phosphorus UQP/l 501 10W 181 156 184 198 195 
Total Kjeldahl N11togen ugN/l 653UJ 257 677UJ 670UJ 703UJ 800UJ 766UJ 

N•trate-N mgN/l 003L 001L OOSL 007l 006L 006L 004L 

Ammon•a·N Ull NIL 628J 286UJ 74J 49LJ 81 5 J 686J 416 LJ 

A!ununum T olal ug/L 1540 702 LJ NS NS 4530 4370 NS 
1\nbmony Total ug/L 172U 172 u NS NS 172U 172 u NS 
Arseme T Olal ugiL 100UJ 19U NS NS tOOUJ 10 0 UJ NS 

Banum Total ugiL 390LJ 21LJ NS NS 64 5LJ 62 5LJ NS 

Beryllium. Total ugiL 05 u 057LJ NS NS 50UJ sow NS 

Cadm1um Total uQI 22U 22U NS NS 22U 22U NS 

Calaum Total uQI 11900 254LJ NS NS 15500 15400 NS 

Chrom•um T olal uQI 34 u 34 u NS NS 4 4 LJ 34U NS 

Cobal! Total ug 40 u 40U NS NS 40U 40U NS 

Copper. Total ug 45 LJ 37U NS NS 99LJ 7 4 LJ NS 

Iron Total u 1310 69U NS NS 4160 4100 NS 

lead Total u 30U 16UJ NS NS 53UJ 50 UJ NS 

MaQnestUm Total u 3340LJ 468U NS NS 4430LJ 4380 LJ NS 

Manganese T olal u 47 oeu NS NS 149 148 NS 

Mercury. Total u 01U OtU NS NS 19 21 NS 

N1d<el Total u ll 121 LJ 83U NS NS 83U 83U NS 

Potassrum. Total u 1560LJ 1220U NS NS 2930LJ 1970 LJ NS 

Selemum. Total u 10U 1 ou NS NS 10U IOU NS 

S1lver. Total u 42U 42U NS NS 42U 42 u NS 

Sod1um, To!al U!) 5510 217 LJ NS NS 9140 9050 NS 

Thall•um Total U!) 09U 09U NS NS 090U 09U NS 

Vanadium, To!al ug 53LJ 36U NS NS 14 3LJ 118U NS 

flinc Total .U!J 31U 31U NS NS 14 3LJ 13 4LJ NS 

Cvaruda ugiL 1LJ 84U NS NS 24LJ 17LJ NS 

e 1access.la5_95\sw595da1 xis • 
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L5CH1 SW-CSA L5CH1 SW-CSB L50L-SWRS 
(Weeks Bndge)" (Weeks Bndge l" (Delta) 

2230J 2708J 1932 

37 35 J 46 53 J 43 93 

21184 25715 17829 

395J 3 537 826J 

591 J 572 J 2364J 

32 43 2865 5568 

1132 J 1160J 9876J 

30 5 J 366 J 25 79 

10643 10854 9082 

147 184 382 

5 464 1 46 

937 1329 22 29 

11 J 08J 1 u 
0009 L J 0005L J 0018 L J 
NA NA NA 
NS NS 71 
NS NS 20U 
NS NS 71 
1035 103 5 1059 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS 1 u 
NS NS 279 
NS NS 901 UJ 
NS NS NS 
NS NS 158UJ 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
NS NS NS 
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Tab/. 7 Surface Water Chemical Charactensttcs (May 1995) 

L5DL-SW-TB L5MBR-SW RS L5NSR-SW-RS L6CH2-SW CS L6CH3 SW-CS 
Parameter Unlls (Delta) (South Bas1n) (South Bastn) (Fisherman Pt )' (Narrows) 

Total Mercury (UF) ng/L 24l J 528 4 - 528 4 465 5 ' NS 

Total Mercury (F) ng/L 08 L J 41 t6 39 29 36 67 NS 

Total Mereu"! (TSS) ng/g(d"') NA 21370 19407 19404 NS 

Monomethyl Hg (UF) ngiL 025 u J 2 934 J 2 868 J 2 537 NS 

Monomethyl Hg (F) ngiL 025 u J I 282 J I 196 J 937 NS 

Monomethyl H_g (TSSi ng/g (d"') NA 72 43 6635 724 NS 

lome Mercury (UF) ngiL I u 428 9 J 373 2 J 342 5 J NS 

IOniC MerCU"i (F) ngiL I 27 31 J 24 29 J 19 96 J NS 

lome Mereu"! (TSS) nglg (dry) NA 17614 13846 14595 NS 

Lab1le MHg (UF) ngiL 02 u I 78 184 I 8 NS 

Lab1le MHg (F) ng/L 02 u 1 07 887 82 NS 

Lab1le MHg (TSSJ ng/g (dry) NA 31 14 37 82 44 12 NS 

Elemental Mercury ngiL 1 u 15 J 17 J 1 u J NS 
D1methyl Mercury ngiL 0004 u J 0002 u J 0002 u J 0002 u J NS 
pH Std Umts NA NA NA NA NA 
Bicarbonate Alkahlllly ugiL IOU 61 70 63 74 

Carbonate Alkahlllly ug/l IOU 20 u 20U 20U 20U 
Total Alkahlllly ugll IOU 61 70 63 74 
TSS rng/1,_ 2 22 8 252 221 NS 
Calaum D•ssolved ugiL NA 18500 18400 19000 23500 
Magnes•um D•ssolved ugll NA 4470 LJ 4420 LJ 4610 LJ 5830 
Sod•um D•ssolved ug/l NA 16100 16500 18900 21100 
Potass1um D•ssolved ug/l NA 2260 LJ 2440LJ 2290 LJ 3690 LJ 
Sulfate D1ssolved mgll NS 297 293 30 3 42 9 
Chlonde DISSolved mgiL NS 58 57 61 II 7 

DOC mgll NS 344 25 5 392 131 
Chlorophyll-a uBi~,_ I u 59 68 44 28 
Total Phosphorus ug P/l 96U 118 126 119 120 
Total Kj_eldahl Nitrogen ug NIL 419 775 UJ 722 UJ 708 UJ 7BBUJ 

N1trate-N mgN/l NS 002l 003 L 003L OOBL 
Ammoma-N ug NIL 150 J 94 8UJ 63UJ 62 4 UJ 529UJ 
Alummum Total ugll NS NS NS NS NS 
Ant1mony, Total ug/L NS NS NS NS NS 

Arsen1c Total ug/l NS NS NS NS NS 

Banum Total ugiL NS NS NS NS NS 

Beryllium. Total lugll NS NS NS NS NS 

Cadm1um Total ug/l NS NS NS NS NS 

Catc1um T alai ug/l NS NS NS NS NS 

Chrom1um. Total u ll NS NS NS NS NS 

Cobalt Total u NS NS NS NS NS 

Copear Total u NS NS NS NS NS 

Iron. Total u NS NS NS NS NS 

lead Total u NS NS NS NS NS 

Magnes1um Total u NS NS NS NS NS 

Manganese Total u NS NS NS NS NS 

Mereu"!. Total u NS NS NS NS NS 

Nickel Total u NS NS NS NS NS 

Potass1um, Total u NS NS NS NS NS 

Selemum. T a tal u NS NS NS NS NS 

S1lver. Total u NS NS NS NS NS 

Sod1um. T a tal u NS NS NS NS NS-

Thall1um. Total u NS NS NS NS NS 

Vanadium, Total u NS NS NS NS NS 

Z1nc. Total u NS NS NS NS NS 

Cyan1de ug NS NS NS NS NS 
--

c laccesslearsonldata5_951sw595dal xis 
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L6CH3 SWCSA L6CH3-SW CSB L6CH3-SW-CSC L6MBR-SW-RS L6~JSR-SW-RS 1 
(Narrows)" (Narrows)c (Narrows)b (Middle Bas1n) (Middle Bas1n) 

320 9 340 t 319 t 529 9 429 8 

2t 2t 23 49 2266 3916 32 t5 

14339 15149 14184 25166 17441 

I 29 136 I 49 2 665 J 2 209 J 

703 J 813 851 J I 311 J I 322 J 

2809 25 93 3057 69 44 38 9 

198 4 J 2309 J 225 I J 301 5 J 322 4 J 

10 88 J 12 83 J 9 31 J 17 54 J 16 72 J 

8972 10434 10325 14559 13407 

113 I 03 99 I 74 I 59 

646 658 653 1 117 I 035 

23 16 17 8 16 12 3169 24 34 

13 J 02 u J 1 J ,03 J 06 J 
0012 u 0004 u 0012 u 0012 u 0012 u 
NA NA NA NA NA 
NS NS NS 62 70 
NS NS NS 20U 20 u 
NS NS NS 62 70 
209 209 209 195 22 8 
NA NA NA 20000 21600 
NA NA NA 4840LJ 5290 
NA NA NA 17200 19300 
NA NA NA 2950 LJ 3050 LJ 
NS NS NS 32 2 368 
NS NS NS 67 84 
NS NS NS 12 5 136 
NS NS NS 33 29 
NS NS NS 124 120 
NS NS NS 739 UJ 743UJ 
NS NS NS 0 03 L 004l 
NS NS NS 464 UJ 514UJ 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 
NS NS NS NS NS 



Table 0-17 Surface Water Chemtcal Characteristtcs (May 1995) Page 3 of 3 

LiCH5 SW-CSI L7CH5-SW-CSA L7CH5-SW-CSB L7CH5-SIJI' TB L7MBR SWRS L7NSR SWDS L7NSR-SW RS 
(Below Dam)• (Below Dam)' (Below Dam) (North Bas1n) (North Bas1n) (North Basm) 

3866J 574 4 J 47 L J 217 7 204 1 1905 1898 3908 Key 
16 77 J 17 91 J 5J 17 22 1646 16 77 14 64 2657 NA = Not Analyzed 
12164 18305 NA 9368 1211 1174 NS NS NS = Not Sampled 
839 117 J 02 L J 926 J 1031 J 913 J 2 393 J 5435 J (F) = filtered 
415 J 417 J 019U 451 J 352 387 J 1 484 J 2 782 J (UF) = unfiltered 
1395 24 77 NA 22 2 438 355 NS NS (TSS) = total suspended solids 
176J 253J 4UJ 146 9 J 124 J 131 6 J 117 4 J 242 5 J 
8 34 J 7 97 J 4UJ 843 J 7 77 J 7 76 J 4 86J 15 01 J Footnotes 
5515 8059 NA 6471 750 837 NS NS •Near North bank 

64 85 004 u 71 71 71 2 3 72 bNear South bank 

318 253 004 u 385 436 347 1 26 2 27 <Mid-channel 

1059 1964 NA 15 19 177 2 45 NS NS "Near East bank 

17 J 17J 03U 09J 13 J 14 J 1UJ 16J 'Near West bank 
0005 u J 0005 u J 0005 u J 0012 u 0012 u 0012 u 0002 u J 0002 u j 
NA NA NA NA NA NA NS NS 
NS NS lOU 80 80 79 NS NS 
NS NS 10U 20U 20U 20 u NS NS 
NS NS lOU 80 80 79 NS NS 
304 304 NA 21 4 155 148 NS NS 
NA NA 47 9LJ 26500 NA NA NS NS 

6820 INA NA 468U 6810 NA NA NS NS 
NA NA 265LJ 28600 NA NA NS NS 
NA NA 1120U 3710 LJ NA NA NS NS 
NS NS 009L 517 516 516 NS NS 
NS NS 005U 187 18 7 18 7 NS NS 
NS NS 027 u 6 1 132 57 NS NS 

0 
Rt-,.,~ophyl,.u ua/L '~ NS NS 1U 1U 314 401 NS Ns 

I 1fT otat PhOsC!iorus lua PIL 130 NS NS 96U 120 214 216 NS NS 
w IT otat K eldaht N1trooen ua NIL 900UJ NS NS 423 815UJ 1210 UJ 1160UJ NS NS 
~ RNIIrate.N lmoNIL 1015 NS NS 001 u 014 011 009L NS NS 

NS NS 2B6UJ 147UJ 551 UJ 689UJ NS NS 
NS NS NS NS 3740 4760 NS NS 
NS NS NS NS 17 2 u 172 u NS NS 
NS NS NS NS 103UJ 112 UJ NS NS 
NS NS NS NS 681LJ 762LJ NS NS 
NS NS NS NS 50UJ osou NS NS 
NS NS NS NS 22U 22U NS NS 
NS NS NS NS 27100 27300 NS NS 
NS NS NS NS 34U 34U NS NS 
NS NS NS NS 40U 40U NS NS 
NS NS NS NS 59LJ 7 4LJ NS NS 
NS NS NS NS 2620 3260 NS NS 
NS NS NS NS 24BJ 34 UJ NS NS 
NS NS NS NS 7520 7750 NS NS 
NS NS NS NS 783 908 NS NS 
NS NS NS NS 02 018W NS NS 
NS NS NS NS 83U 83U NS NS 
NS NS NS NS 4480 LJ 4840LJ NS ·- NS 
NS NS NS NS IOU 1 ou NS NS 
NS NS NS NS 42U 42U NS NS 
NS NS NS NS 28400 28500 NS NS 
NS NS NS NS 090U 090U NS NS 
NS NS NS NS 102W 124W NS NS 
NS NS NS NS 70LJ 81lJ NS NS 
NS NS NS NS 1BW 1BW NS NS 
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Table D-18. Sediment!Porewater Chemical Characteristics (August/September 1994) Page 1 of 3 

I L 1 POL·BS·DS L 1POL·BS-RS L2POL-BS-RS L3POL-BS-DS L3POL-BS-RS L4POL-B5-RS 

• Units (Ruhenstroth) (Ruhenstroth) (Sant1ago) (Dayton) (Dayton) (Churchill) 

Total Mercury (whole) ng/g (dry), 53 J 68 5 600 J 5744 J 7657 J 4966 
Total Mercury (coarse) ng/g (dry)' 50 1 58 4 273 J 3966 J 5057 J 4222 
Total Mercury (f1ne) nglg (dry) 208 184 3288 J 17152 J 15261 J 36502 
Monomethyl Mercury nglg (dry) 1 52 LJ 1 86 L J 1 67 7 67 8 26 1 64 L J 
lome (labile) Mercury ng/g (dry) 008 u 007 u 03 u 17 L J 06 L J 034 L J 
Elemental Mercury ng/g (dry) 0026 0015 003 u 001 u 001 u 0038 
D1methyl Mercury nglg (dry) 00009 u 0001 u 0001 u 0001 u 0001 u 0009 u 
Dry Fract1on (whole) 661 686 659 793 689 793 
Dry Fract1on (coarse) 71 718 NR NR NR 78 
Dry Fract1on (fine) 275 287 NR NR NR 329 
Ac1d Volatile Sulf1de umollg 08 U R 1 UR 09 UR 08 J 06 UR 23 J 
Percent Solids % I 62 52 58 67 78 70 
Yo Volat1Je Solids % 2 7 28 1 4 11 1 5 8 

"lo Gravel % 0 0 0 92 10 8 1 
%Sand % 69 3 75 3 78 3 71 2 71 5 82 
%S11t % 20 4 17 4 15 4 13 2 12 4 136 
%Clay % 10 3 73 64 64 53 43 
% <25 mm % 100 100 100 100 100 100 
% <19mm % 100 100 100 100 100 100 
%, <9 5 mm % 100 100 100 94 6 934 100 
% <4 75mm % 100 100 100 90 8 89 2 99 9 
%<2mm % 100 100 100 87 6 84 98 
% <0 85 mm % 100 100 100 83 6 791 943 
% <0425 mm % 98 5 98 4 99 5 67 3 619 69 3 
% <0 25 mm % 75 5 68 6 78 9 49 2 44 3 39 8. 
% <0 15 mm % 46 39 39 2 32 1 28 8 26 4 
% <0 075 mm % 30 7 24 7 21 7 19 6 177 178 
% <0 033 mm (hydrometer) % '20 3 16 2 14 4 134 12 1 92 
% <0 021 mm (hydrometer) % 17 4 13 3 124 10 8 96 82 
% <0 0123 mm (hydrometer) % 14 4 114 95 9 1 8 64 
% <0 0088 mm (hydrometer) % 12 3 92 83 72 62 54 
% <0 0063 mm (hydrometer) % 10 3 73 64 64 53 43 
% <0 0032 mm (hydrometer) % 72 54 44 45 37 33 
% <0 0014 mm (hydrometer) % 51 4 1 31 36 26 2 1 
Total Mercury Porewater ng/L 17 52 '6 91 20 2 56 5 521 9761 
Monomethyl Mercury, Porewater ng/L 4 26 1 21 J 1 2 7 1 94 3 13 J 
lome Mercury, Porewater ng/L 2 92 J 1 73 J 1 5 32 3 15 2 57 9 J • Labile Monomethyl Mercury Porewater ng/L 5 867 885 8 1 J 8 1 J 111 J 2 03 
pH Porewater Std Units 74 J 68 J 77 J 75 J 74 J 77 J 
Calc1um Porewater ug/L 120000 95000 70600 110000 70800 84200 
Magnes1um Porewater ug/L 32200 24800 10700 25300 15900 25300 
Sod1um Porewater ug/L 56900 52100 48400 72400 61700 86400 
Potass1um. Porewater ug/L 6940 7200 5140 7820 7450 7550 
Sulfate Porewater mg/L 27 1 J 53 7 J 18 7 J 11 8 J 32 1 J 969 J 
Chlonde Porewater mg/L 14 3 J 141 J 14 4 J 28 2 J 25 3 J 24 4 J 
DOC Porewater mg/L NA NA NA NA NA NA 
Alum1num. Total mg/Kg 12900 14000 NS NS NS 5330 
Ant1mony, Total mg/Kg 7 4 u J 7 6 u J NS NS NS 66 u J 
Arsen1c Total mg/Kg 13 3 J 17 4 J NS NS NS 36 J 
Banum Total mg/Kg 123 141 NS NS NS 79 5 
Beryllium Total mg/Kg 31 L J 45 LJ NS NS NS 13 L J 
Cadm1um Total mg/Kg 11 u 1 2 u NS NS NS 1 u 
Calc1um. Total mg/Kg 5550 6030 NS NS NS 2860 
Chrom1um, Total mg/Kg 10 12 1 NS NS NS 52 
Cobalt Total mg/Kg 14 L J 15 4 NS NS NS 59 L J 
Copper, Total mg/Kg 17 4 19 4 NS NS NS 15 3 
Iron Total mg/Kg 20500 22500 NS NS NS 10700 
Lead Total mg/Kg 164 98 NS NS NS 166 
Magnes1um. Total mg/Kg 5540 6110 NS NS NS 2620 
Manganese, Total mg/Kg 472 441 NS NS NS 413 
Mercury Total mg/Kg 14 u 15 u NS NS NS 49 
N1ckel Total mg/Kg 14 14 4 NS NS NS 57 L J 
Potass1um. Total mg/Kg 965 L J 1260 L J NS NS NS 650 L J 
Selemum. Total mg/Kg 29 u 29 u NS NS NS 26 u 
S1lver Total mg/Kg 1 3 L J 1 2 L J NS NS NS 26 
Sod1um. Total mg/Kg '670 LJ 660 L J NS NS NS 287 L J 
Thallium Total mg/Kg 26 u 27 u' NS NS NS 23 u 
Vanad1um, Total mg/Kg 48 7 52 5 NS NS NS 22 7 
ZinC Total mg/Kg 53 7 59 2 NS NS NS 46 5 

• Cyamde mg/Kg 72U 74 u NS NS NS 64U 
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Table D-18. Sediment/Porewater Chemical Characteristics (August/September 1994) Page 2 of3 

L5NSR-BS·RS L6NSR-BS-RS HMBR-05-RS~R.as-RS "NSR-BS~ 
Umts (South Basrn) (Middle Basm h Basrn) (Pyramrd) 

ng/g (dry) 9026 1220 2818 27 LJ 14 
nglg (dry) 304 191 1 2020 8861 4 LJ 29 6 • ng/g (dry) 24675 20276 2674 4771 113 3 J 28 4 
ng/g {dry) 2 72 L J 8LJ 467 LJ 2 34 L J u 12 
nglg (dry) 008 u 008 u 1 u 02 L J 005 LJ 

IIEiemental Mercury nglg (dry) 016 0067 056 0023 0005 u 001 u 

I" 
nglg (dry) 0002 u 00007 u 0036 u 00009 u 00006 u I 0001 u 

whole) 615 759 0197 694 936 
coarse) 771 785 293 785 783 
f.ne) 268 123 143 398 12 NR 
Sulfide umol/g 13 J 08 u J 07 UR 07 UR 07 u J 
s % 52 67 26 ' 69 75 682 
IdS % 25 1 9 59 1 1 7 91 

Gravel % 0 0 0 0 231 104 
Sand % 30 9 81 2 1 2 773 666 40 
Sill % 23 5 84 388 13 4 78 264 
Clay % 45 6 104 60 93 25 232 
<25mm % 100 100 100 100 100 100 
<19mm % 100 100 100 100 89 100 
<95mm % 100 100 100 100 794 927 

%<4 75mm % j 100 100 100 76 9 896 
%<2mm % 100 100 100 71 6 85 7 
%<085mm % 100 100 995 67 9 846 
% <0425mm % 998 989 99 9 855 40 4 81 
% <0 25mm % 98 3 81 5 999 648 251 73 5 
% <0 15mm % 93 2 422 99 7 429 175 633 
% <0075 mm % 69 1 18 8 98 a 22 7 103 496 

~~eter) =+= 57 6 123 868 ~47 369 
meter) 55 7 104 803 1 4 324 

meter) 534 104 742 10 3 25 279 
<O 0088 mm (hydrometer) % 51 4 \ 104 68 93 12 5 252 
<0 0063 mm (hydrometer) % 456 104 60 93 25 232 
<0 0032 mm (hydrometer) % 336 82 474 8 1 1 6 194 
<0 0014 mm (hydrometer) % 23 9 M= 37 2 

~J 
8 12 7 

~~~t Mercury, Porewater ng/L 53 93 12 93 154 45 
rewater ng!L 15 85 J 5 85 J H 15 

omc Mercury Porewater ngiL 14 3 J 68 J 7 u 7 2 J 7 u NA • ab1le Monometnyl Mercury Porewater ng/L 10 225 2 53 4 55 07 03 u NA 
H Porewater Sid Umts 73 J 75 J 73 J 77 J NA NA 
alcoum Porewater ugiL 155000 61100 80400 72100 NA NA 

IIMagnestum, Porewater ug/L 44200 16200 22200 19300 NA NA 
IISodoum Porewater ug/L 223000 172000 57600 72200 

~~ IIPotassoum Porewater ug/L 10300 10600 8450 7670 NA 
IISulfate Porewater mg/L 46 L J 74 2 J 804 J NA 

orewater mg/L 676 J 45 J 21 5 J 130 J NA 
water mgiL NA NA NA NA 'NA 

mg/Kg NS NS NS 21200 4640 12900 
ny Total mg/Kg NS NS NS 7 2 u J 66 UJ 7 1 u J II 
, Total mg/Kg NS NS NS 10 J 14 9 J 7 1 II 
Total mg/Kg NS NS NS 162 166 137 

m, Total mg/Kg NS NS NS 51 LJ 17 L J 92 L 
mg/Kg NS NS NS 11 u 1 u 75 u 
mg/Kg NS NS NS 1~00 25700 18100 
mg/Kg NS NS NS 3 
mg/Kg NS NS NS 4 2 L J 6 

er Total mg/Kg NS NS NS 55 LJ 14 
Total mg/Kg NS NS NS 26500 7880 1 
Total mg/Kg NS NS NS 27 3 29 77 

Magnes1um Total mg/Kg NS NS NS 7200 3990 5280 
Manganese. Total mg/Kg NS NS NS 830 236 227 
Mercury Total mg/Kg NS NS NS 43 13 u 11 u 
Nockel Total mg/Kg NS NS NS 15 5 44 L J 

~ 
Potasstum, Total mgiKg NS NS NS 3260 1880 
Selenoum, Total mg/Kg NS NS NS 28 u 26 u 
Sliver Total mg/Kg NS NS NS 2 5 L J 93 u 
Sod•um Total 

I=*= 
NS NS 848 LJ 1650 

halhum Total NS NS 25 u 23 u J 
Vanad1um Total NS NS 673 19 1 5 

1nc Total s NS NS 793 177 1 
Cyamde NS NS 7 u 65 u 15 • 
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Table D-18. Sediment!Porewater Chemical Characteristics (August/September 1994) 
I 

Parameter Umts 

Total Mercury (whole) nglg (dry) 
Total Mercury (coarse) nglg (dry} 

Total Mercury (f1ne) nglg (dry) 
Monomethyl Mercury nglg (dry) 
lome (labile) Mercury nglg (dry} 
Elemental Mercury nglg (dry} 
D1methyl Mercury nglg (dry}· 
Dry Fract1on (whole) 
Dry Fract1on (coarse) 
Dry FractiOn (fine) 
Ac1d Volat1le Sulfide umollg 
Percent Solids % 
% Volat1le Solids % 
%Gravel % 
%Sand % 
%S11t % 

%Clay % 
% <25 mm % 
% <19mm % 
% <95 mm % 
% <4 75 mm % 
% <2mm % 
% <085 mm % 
% <0 425 mm % 
% <0 25 mm % 
% <0 15 mm % 
% <0075 mm % 
% <0 033 mm (hydrometer) % 
% <0 021 mm (hydrometer) % 

% <0 0123 mm (hydrometer) % 
% <0 0088 mm (hydrometer) % 
% <0 0063 mm (hydrometer) % 
% <0 0032 mm (hydrometer) % 
% <0 0014 mm (hydrometer) % 
Total Mercury. Porewater ng/L 
Monomethyl Mercury. Porewater ng/L 
lome Mercury, Porewater ng/L 
Lab1le Monomethyl Mercury, Porewater ng/L 
pH Porewater Std Umts 
Calc1um Porewater ug/L 
Magnes1um Porewater ug/L 
Sod1um Porewater ug/L 
Potass1um. Porewater ug/L 
Sulfate Porewater mg/L 
Chlonde. Porewater mg/L 
DOC Porewater mg/L 
Alum1num Total mg/Kg 
Ant1mony. Total mg/Kg 
Arsemc Total mg/Kg 
Banum Total mg/Kg 
Beryll1um Total mgiKg 

adm1um Total mg/Kg 
alc1um Total mg/Kg 
hrom1um. Total mg/Kg 
obalt Total mg/Kg 
opper. Total mg/Kg 

ron Total mg/Kg 
ead Total mg/Kg 

Magnes1um. Total mg/Kg 
Manganese. Total mg/Kg 
Mercury, Total mg/Kg 
N1ckel Total mg/Kg 
Potass1um Total mg/Kg 
Selemum Total mg/Kg 
S1lver Total mg/Kg 
Sod1um Total mg/Kg 
Thallium. Total mg/Kg 
Vanad1um Total mg/Kg 
Z1nc Total mg/Kg 
Cyan1de mg/Kg 

L 1 ONSR-BS-DS 
(Rye Patch) 

12 
7 5 
37 4 
007 
004 u 
001 u 
0001 u 
83 
NR 
NR 
06 u j 
79 8 
2 1 
45 
69 3 
18 2 
8 
100 
100 
98 9 
95 5 
85 8 
84 3 
76 1 
64 5 
47 9 
26 2 
14 7 
13 
10 2 
93 
8 
58 
37 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
27900 
7 2 u j 
59 
288 
1 9 
76 u 
15700 
13 4 
10 1 L J 
21 4 
24300 
11 8 
7870 
467 
11 u 

17 3 
5840 
43 u 
46 u 

550 L J 
1 3 L J 
39 2 
64 
1 5 u 

L 
(R 

179 
53 
44 5 
081 
013 
001 u 
0001 u 
789 

NR 
NR 
07 u j 
73 2 
4 7 
2 

63 5 
24 2 
12 1 
100 
100 
100 
99 8 
95 6 
942 
85 7 
73 3 
581 
36 3 
22 4 
18 4 
16 2 
14 3 
12 1 
10 3 
7 1 
69 
15 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
13400 
6 3 u j 
10 9 
163 
9 L J 
67 u 
17200 
11 4 
6 7 L J 
13 2 
15400 
98 
5170 
222 
1 u 

8 6 LJ 
2680 
38 u 
4 u 
547 L J 
81 L J 
32 7 
36 1 
1 3 u 
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Key NA = Not Analyzed 
NR = Not Reported 
NS = Not Sampled 
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Table D-19 Sedtment!Porewater Chemical Characteristics (February 1995) • LSNSR R-
(Mtddle Bastn) (Mtddle Bastn) 

27516 67 7 2371 
29166 149 1602 
32617 4874 2275 104 9 
367 02 u 2 18 03 u 03 u 
69 06 03 u 05 05 

002U 004 004 005 
0002 u 0002 u 0002 u 
4681 5966 5736 
5156 5185 2313 
2031 4473 3031 
5 093 u 064 u 

4 49 54 59 
% 
% 0 a 0 0 
% 86 2 4 151 1 6 2 
% 11 2 343 96 538 15 6 16 
% 26 61 8 1 7 31 1 82 9 82 
% 100 100 100 100 100 100 
% 100 100 100 100 100 100 
% 100 100 100 100 100 100 
% 100 100 100 100 100 100 
% 100 100 100 100 100 100 
% 100 100 100 100 100 100 
% 97 5 997 965 98 998 998 
% 74 1 994 70 942 994 992 
% 407 98 7 325 914 989 986 
% 13 B 96 11 3 649 984 98 
% 88 798 57 544 91 5 93 
% 56 73 8 38 47 2 894 907 
% 47 698 28 381 87 4 866 
% 36 67 8 1 7 341 853 845 
% 26 618 1 7 311 829 82 
% 22 1 3 236 788 
% 22 3 185 76 3 • ry. Porewater ng/L 58 31 45 21 17 86 8503 

ethyl Mercury Porewater ng/L 285 479 671 49 
ry Porewater 1389 1938 5 71 
methyl Mercury Porewater 26 5 

81 76 
111 

9530 
51800 J 

7820 
76 5 

196 586 
14 8 64 
NS 25800 J 
NS 63 u 
NS 48 166 
NS 79 133 

Beryllium Total NS 91 L J 1 1 L J 
Cadm1um Total NS NS 81 u 74 u 
Calctum Total NS NS 8790 16200 
Chromtum Total NS NS 13 7 J 12 5 J 
Cobalt. Total NS NS 124 LJ 135 L J 
Copper Total NS NS 81 9 83 7 

NS NS 23800 J 22500 J 
NS NS 22 6 J 165 J 

NS 9050 8630 
NS 448 683 
NS 1 l J 18 
NS 105 LJ 12 LJ 
NS 7020 J 7380 J 
NS 29 u 25 u 
NS 15 u 2 L J 
NS 1520 l J 1100 l J 
NS 39 u J 35 u J 
NS 62 1 J 57 9 J 
NS 649 605 • NS 22 u 2 u 

c laccesslcarsonldata2_ 951sed295 xis 0-38 
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Table D-20 Sediment/Porewater Chemical Characteristics (May 1995) 

Total Mercury (whole) 
Total Mercury (coarse) 
Total Mercury (ftne) 
Monomethyl Mercury 
lontc (labtle) Mercury 
Elemental Mercury 
Dtmethyl Mercury 
Dry Fractton (whole) 
Dry Fract•on (coarse) 
Dry Fract•on (ftne) 
Ac•d Volattle Sulftde 
Percent Sohds 
% Volat1le Solids 

% Mo1sture 

%Gravel 
%Sand 
%Sill 
%Clay 
% <25 mm 
% <19mm 

% <95mm 
% <4 75mm 
% <2mm 
% <085 mm 
% <0 425 mm 
% <0 25 mm 
% <0 15 mm 
% <0 075 mm 
% <0 033 mm (hydrometer) 
% <0 021 mm (hydrometer) 
% <0 0123 mm (hydrometer) 
% <0 0088 mm (hydrometer) 
% <0 0063 mm (hydrometer) 
% <0 0032 mm (hydrometer) 
% <0 00t4 mm (hydrometer) 
Total Mercury Porewater 
Total Monomethyl Mercury Porewater 

lon•c Mercury Porewater 
Lab•le Monomethyl Mercury 
pH Porewater 
Alkal•n•ty Porewater 

Calc•um Porewater 
Magnes1um Porewater 
Sod•um Porewater 
Potass•um Porewater 
Sulfate Porewater 
Chlonde Porewater 

DOC Porewater 
Alum1num Total 

Ant1mony Total 
Arsen1c Total 
Banum Total 

Beryll•um Total 
Cadmtum Total 
Calc1um T eta I 
Chrom•um Total 
Cabal! Total 
Copper T eta I 
Iron Total 
Lead Total 
Magnesrum Total 
Manganese Total 
Mercury Total 
Ntckel Total 
Porassrum Total 
Selen•um T otat 
S•lver Total 

Sod1um Total 
Thalhum Total 
Vanadrum Total 
Ztnc Total 

Key NA = Not Analyzed 
NS = Not Sampled 

Porewater 

c laccesslcarson\data5 _ 951sed595 xis 

L5MBR-BS-RS 

Umts (South Bastn) 

ng/g (dry) 24204 
ng/g (dry) 12867 
ng/g (dry) 27307 
ng/g (dry) 5 01 
ng/g (dry) 06U 
ng/g (dry) 01 
ng/g (dry) 0002 u 

538 
581 
274 

otmollg 1 u J 
% 52 
% 9 
% 47 1 

% 0 
% 09 
% 24 3 
% 74 8 
% 100 
% 100 

% 100 
% 100 
% 100 
% 100 
% 99 92 
% 998 
% 996 
% 9911 
% 89 75 
% 877 
% 85 45 
% 81 35 
% 74 8 

% 57 79 
% 4344 
ng/L 441 
ng/L 2 58 J 
ng/1 2t 78 J 
ng/L 3t 
Std Untts 69 
mg/L t72 
ug/L 44900 
ug/L 1t900 
ug/L 32400 
ug/L 6870 J 
mg/L 34 
mg/L 82 
mg/L t66 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 
mg/Kg NS 

L5NSR-BS-RS L6MBR-BS-RS L6NSR-BS-RS L7MBR-BS-RS 
(South Bastn) (Mtddte Bastn) (Mtddte Bastn) (North Bastn) 

305 30371 104 3686 
51 34352 28 5 1504 
2140 29339 2049 572 8 
041 4 55 396 25 
02 u 16 03U 05 u 
003 119 0057 0016 
00004 0005 u 0003 u 0005 u 
648 555 858 622 
764 594 82 663 
0057 274 0265 202 
NA 09 u J 07 u J 1 u J 
NA 56 74 48 
2 77 3 26 
18 4 42 5 22 2 343 
0 0 0 1 3 
90 3 22 902 431 
8 31 6 84 347 
1 7 66 3 1 5 209 
100 100 100 100 
100 100 100 100 
100 100 100 9891 
100 100 100 98 71 
100 100 100 9699 
99 59 100 9997 9666 
78 91 9994 97 66 95 72 
4645 9964 67 97 94 47 
2312 996 2494 876 
9 71 97 83 982 5561 
3 73 8095 47 3342 
275 78 92 264 28 74 
167 74 64 166 2574 
167 72 39 1 47 22 94 
1 67 6627 1 47 2088 
02 5546 147 17 04 
02 4119 02 1329 
27 9 100 5 59 7 21 
82 J 1 32 2 51 197 
15 76 J 52 5 J 316J 2UJ 
1t 1 27 23 944 
84 75 84 72 
83 206 255 
20200 43000 37600 62700 
5290 11500 10000 15200 
23800 56700 41000 44800 
4010 LJ 6920J 6640J 7370 J 
27 9 536 38 35 3 
69 13 17 28 5 
72 17 8 18 7 14 3 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
NS NS NS NS 
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L7NSR-BS-DS L 7NSR-BS-RS 
(North Bastn) (North Bastn) 

58 2 65 3 
17 5 435 
82 8 668 
16 16 
03U 03 u 
0011 0021 
0005 u 0005 u 
534 575 
727 734 
239 229 
08 u J 08 u J 

60 62 
35 27 
366 37 6 
0 0 
66 5 35 
18 5 14 05 
74 6 80 55 
100 100 
100 100 
100 100 
100 100 
100 100 
99 96 9991 
99 77 9961 
9913 9905 
9642 97 27 
9316 9463 
8666 89 77 
64 72 87 87 
BOBS 6494 
78 52 64 75 
74 64 8057 
62 43 67 85 
46 92 5167 
53 3 869 
3BU 8 
11 3 J 50 3 J 
36 89 

NA NA 
NA NA 
NS NS 
NS NS 
NS NS 
NS NS 
NA NA 
NA NA 
NA NA 
34100 29400 
60U 55U 
246 31 3 
258 236 
081 LJ 080 LJ 
26 26 
7460 8320 
21 186 
16 9 161 
52 53 7 
38500 38200 
11 8 121 
13300 13200 
643 1300 
017 LJ 013 LJ 
239 246 
6000 5770 
0 35 u 0 31 UJ 
24 1 9 LJ 
3320 3730 
0 31 u 05 LJ 
649 79 3 
116 107 
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The tables in this section present summary statistics (minimum, maximum, average, 

standard d~viation, coeffictent of variation [CV], and number of samples [n]) for the biota 

analytical results presented in Appendix D. Separate tables are included for benthic 

macroinvertebrates (Table E-1 ), fish (Tables E-2), btrd tissues (Table E-3), and lizards (Table 

E-4). Summary statistics are not presented for zooplankton as most locations were sampled only 

once . 

02 ZS3490_04700-11124197·DI E-3 
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Table E-1 Summqry Stattsftcs for Mercury m Benthtc Macromvertebrates at Carson Rtver Mercury Stte 

I Min 
Total Hg (ug/g wet wt.) 

I Max I Mean I S.D. I c.v. I n I Min I Max I Mean I S.D. I C.V. I 
Crayftsh !Whole Body TRuhenstroth Dam• 0064 0 124 0 086 0028 32% 5 0 059 0 12 0 083 0 027 33% 

Santtago Rutns 0 22 0 468 0 368 0084 23% 7 0 21 0443 0 348 0 080 23% 
Dayton State Park 0 947 0 947 0 947 N/A N/A 1 . 0 864 0 864 0 864 N/A N/A 
Fort Churchtll 0 533 1 054 0 889 0 173 19% 8 0 432 0 936 0 773 0 173 22% 

Caddtsfly ~Composite IRuhenstroth Dam• 0 091 0 118 0 105 0 019 18% 2 0 071 0 092 0 082 0 015 18% 
Larvae !Santiago Rums 0 38 0 548 0 461 0 084 18% 3 0 292 0 408 0 346 0 058 17% 

Fort Churchill 0 976 1 249 1 113 0 193 17% 2 0 412 0542 0 477 0 092 19% 
ge I Composite ICh1mney Reservo1r· 0 015 0 047 0 031 0 016 52% 3 0 007 0 027 0 018 0 010 56% 

Larvae !Lahontan Res South Bas1n 0 055 0 105 0 083 0 026 31% 3 0 025 0036 0030 0 006 19% 
Lahontan Res Middle Bas1n 0082 0 201 0 132 0062 47% 3 0 075 0039 0 052 0020 39% 
Lahontan Res North Basm 0098 0 151 0 121 0 027 23% 3 0 02 0 097 0 054 0039 73% 

·sc" .. "l:l' wund Location 

''"'"'i"'oolepadatalbootadat '" • I 

n I% Meth 

5 
7 
1 91% 
8 86% 
2 78% 
3 
2 
3 
3 
3 
3 

• 
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Table E-2. Summary Statistics for Mercury in Fish at Carson River Mercury Site 

--··-

Total H~;~ (ug/g wet wt. Methyl Hg (ug/~ wet wt.J 
Species Tissue Type Location Min Max Mean so n Min Max Mean so n 
Carp Whole Body Santiago Ruins 0.816 1.9 1.176 0.418 5 0.923 1.011 0.967 0.062 

Dayton State Park 1.033 3.086 1.783 0.684 8 1.521 2.883 2.0297 0.744 
Fort Churchill 1.329 2.937 1.796 0.664 5 1.342 2.049 1.6955 0.5 
lahontan Res. 0.253 2.324 0.694 0.538 20 0.341 1.286 0.7513 0.408 
Rye Patch Res.* 0.053 0.23 0.141 0.059 10 0.071 0.18 0.12 0.055 

Muscle Santiago Ruins 1.127 1.827 1.48 0.293. 4 1.388 1.518 1.453 0.092 
Dayton State Park 1.157 4.025 2.283 1.026 7 2.318 3.953 3.1355 1.156 
Fort Churchill 1.437 3.205 2.336 0.737 5 2.585 3.083 2.834 0.352 
lahontan Res. 0.918 3.235 2.035 1.161 3 1.899 1.899 1.899 N/A 

Green Sunfish Whole Body Santiago Ruins 0.617 0.825 0.752 0.081 5 0.728 0.743 0.7355 0.011 
Fort Churchill 0.847 2.083 1.534 0.475 5 0.771 1.239 1.005 0.331 

Mountam Sucker Whole Body Ruhenstroth Dam• 0.07 0.23 0.125 0.061 5 0.102 0.102 0.102 N/A 
Sacramento Blackflsh Whole Body lahontan Res. 0.215 0.942 0.551 0.196 19 0.366 0.601 0.4905 0.105 

R~e Patch Res.• 0.029 0.116 0.061 0.025 10 0.042 0.064 0.0513 0.011 
Tahoe Sucker Whole Body Santiago Ruins 0.52 0.787 0.647 0.114 4 0.649 0.737 0.693 0.062 

Dayton State Park 1.099 2.865 1.745 0.701 7 1.99 2.724 2.357 0.519 
Fort Churchill 1.56 2.211 1.963 0.221 7 1.083 1.719 1.4033 0.318 

Muscle Dayton State Park 2.374 3.046 2.71 0.475 2 3.018 3.018 3.018 N/A 
Walleye Whole Body lahontan Res. 4.234 6.894 5.428 0.911 20 4.205 6.269 5.4668 0.827 

Chimney Res.· 0.332 0.336 0.334 0.003 2 0.327 0.327 0.327 N/A 
Muscle lahontan Res. 4.899 9.564 7.118 1.534 19 6.12 8.649 7.6607 0.841 

•Background Locatron 

c:\access\carson\epadata\fishdata.xls 

• 
Average 

%Methyl Hg 

2 91% 
3 89% 
2 78% 
6 96% 
3 90% 

-2 98% 
2 98% 
2 95% 
1 97% 
2 97% 
2 93% 
1 96% 
6 94% 
3 97% 
2 94% 
2 95% 
3 71% 
1 99% 
6 98% 
1 98% 
6 99% 
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Table E-3. Summary StatistiCS for Mercury In Bird T1ssues at Carson River Mercury Site 

Species Tissue Type Location 

Cormorant Blood Pyram1d Lake" 
Lahontan Res 

Feather Pyram1d Lake' 
Lahontan Res 

Swallow Blood Ruhenstroth Dam· 
Lahontan Res 

Feather Ruhenstroth Dam· 
Lahontan Res 

Liver Ruhenstroth Dam· 
Lahontan Res 

'Background Location 
"ug/g dry we1ghtlor leather 

c \access\carson\epadata\b•oladal xis 
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Min 

035 
1 75 
6 33 

39 41 
020 
203 
028 
0 70 
041 
230 

Total Hg (u lfg wet wt.t• 
Max Mean S.D. c.v. n 

079 049 0.16 33% 8 
3804 1706 11 64 68% 7 
12 48 901 2 22 25% 8 

187 46 104 80 51 48 49% 7 
2 64 074 071 96% 10 
4 31 2 61 075 29% 8 
5 00 243 1 49 62% 10 
3.64 200 093 47% 8 
1.92 098 0 52 53% 10 
695 3.96 1 60 40% 8 

• 

Methyl Hg (u Jfg_wet wt.) .. Average 
Min Max Mean S.D. c.v. n % MethyiHg 

027 077 045 0.17 38% 8 92% 
1 65 3766 16 86 11 56 69% 7 98% 
6.53 9.46 8.17 1.50 18% 3 98% 

61.59 138 73 104 94 3945 38% 3 98% 
019 2 48 0.69 067 97% 10 92% 
1 84 3 84 2 37 065 27% 8 91% 
1 67 4 75 2.82 1 68 59% 3 96% 
064 345 1.76 1 49 85% 3 93% 
084 1 72 1.24 0.45 36% 3 96% 
410 6.72 5.40 1.31 24% 3 97% 

• 
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Table E·4. Summary Statistics for Mercury in Western Fence Lizards (whole body) at Carson River Mercury Site 

- - --·~ 

Total Hg (ug/g wet wt.) Methyl Hg (ug/g wet wt.) Average 
Location Min Max Mean S.D. c.v. n Min Max Mean S.D. c.v. n %methyl Hg 

Ruhenstroth Dam* 0.023 0.156 0.077 0.046 60% 8 0.012 0.149 0.072 0.047 65% 8 89% 
Sant1ago Rurns 0.673 1.65 1.132 0.359 32% 8 0.023 1.38 0.751 0.409 54% 8 64% 
S1x-M1Ie Canyon 0.337 2.078 0.872 0.557 64% 8 0.143 0.472 0.292 0.114 39% 8 37% 

*Background Locat1on 

c·\access\carson\epadata\biotadat.xls 
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Drought conditions at the time of sampling, property-access issues, and lack of target 

• species at some locations resulted in deviations from the Ecological Assessment Field Sampling 

Plan (FSP) (E'& E 1994) ~n locations sampled and number of samples collected. The deviations 

did not, however, affect the outcome of the risk assessment or preclude meaningful comparisons 

between mercury-contaminated and background locations. This appendix summaiizes the 

deviations. 

F .1 Surface Water Sampling 

Table F-1 sumrriarizes the locations and dates of surface water sample collection and 

deviations from the FSP. Because the EPA could not arrange access to Minor's Ranch in 

Dayton, Nevada, surface water was collected instead from nearby Dayton State Park (see Figure 

F-1 ). In February and May 1995, surface water samples were collected from riffle areas in the 

Carson River as described in the FSP. However, in September 1994, these areas were dry as a 

result of drought conditions and the samples were instead collected from a quiescent pool at each 

location. Drought conditions in 1994 also precluded collection of surface water from mid-basin 

locations in the south and middle basins of Lahontan Reservoir, and from four channel locations 

• in the reservoir (see Table F-1); these locations were dry. 

• 

F.2 Sediment Sampling 

Table F-2 summarizes the locations and dates of sediment sample collection and 
I 

deviations from the FSP. In/Dayton, the Carson River was sampled at Dayton State Park instead 

of Minor's Ranch for the reason described in Section F .1. Sediment was not collected from riffle 

areas in the river in September 1994 as planned because the riffles were dry at this time as a 

result of drought conditions. The dry conditions also precluded collection of sediment from mid

basin locations in the south and middle basins of Lahontan Reservoir in September 1994 and 

from the south basin in February 1995 (see Table F-2). These basins were drained in 1994 to 

irrigate fields near Fallon. In these basins at these times, we collected near-shore sediment from 

remaining quiescent pools. 

F.3 Biota Sampling 

Table F-3 summarizes deviations from the FSP (E&E 1994) for the biota sampling . 

Because EPA could not arrange access to Minor's Ranch near Dayton, fish and benthic 

invertebrates were collected from the Carson River at nearby Dayton State Park (see Figure F-1) 
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and lizards were collected from the historic sites ofthe Janin and Express Mills in Six Mile 

Canyon (see USEPA 1994 for location map). The target swallow species, the northern rough

winged swallow (Stelgidopteryx serripennis), was not available at the Ruhenstroth Dam 

background location so bank swallows (Riparia riparia) were collected instead. Because the 

only bank swallow colony available in the contaminated portion of the site above La~ontan Dam 

was located in the Narrows between the middle and north basins of Lahontan Reservoir (see 

Figure 2-2), the birds were collected from this location. Reasons for deviations from the FSP in 

the number of samples collected are summ~rized in the last column of Table F-3. 

F .4 References 

Ecology and Environment, Inc. (E & E), 1994, Revised Draft Ecological Assessment Field 
Sampling Plan, Phase I Remedial Investigation/Feasibility Study, Carson River 
Mercury Site, Carson River, Nevada, prepared byE & E, San Francisco, CA. 

United States Environmental Protection Agency (USEPA), 1994, Human Health Risk 
Assessment/Remedial Investigation Report, Carson River Mercury Site, Preliminary 
Draft, prepared by S. Hogan and S. Smucker, USEPA, Region IX, San Francisco, CA . 
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Table F-1 

PLANNED VS. COLLECTED SURFACE WATER SAMPLES 

Sampling Date 
Location September 1994 February 1995 May 1995 

arson River Locations 

Reuhenstroth Dam X X X 

Santiago Ruins X 'X X 

Dayton State Park" X X X 

Churchill Gauge X X X 

Lahontan Reservoir Basins 

South Basin near-shore X X X 

mid-basin --b --b X 

Middle Basin near-shore X X X 
I 

mid-basin --b X X 

North Basin near-shore I X X X 

mid-basin X X X 

Channel Locations J 

Weeks Bridge ; --b X X 

Fisherman's Point --b X X 

Narrows --b X X 

Truckee Canal I --b X X 

Below Lahontan Dam X __ c 
X 

Background Reservoirs 

Pyramid Lake X 
I Chimney Reservoir X 

No Sample Collection Planned 
Rye Patch Reservoir X 

a Substituted for nearby Minor's Ranch location because of property-access issue. 
b No water present at location as a result of drought conditions. 
c Lahontam Dam closed; no flow .to sample. 

Key: X = Sample collection completed as planned. 
-- = Sample collection planned but not possible for indicated reason . 
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Table F-2 

PLANNED VS. COLLECTED SEDIMENT SAMPLES 

Sampllng Date 
Location 

September 1994 February 1995 May 1995 

,. 
n River Locations 

-
Reuhenstroth Dam pool X 

riffle --b 

Santiago Ruins pool X 

riffle --b 

Dayton State Par}(& pool X 
No Sample Collection Planned 

riffle --b 

Churchill Gauge pool X 

riffle --b 

Lahontan Reservoir Basins 

South Basin near-shore X X X 

mid-basin --c --c X 

Middle Basin near-shore X X X 

mid-basin_ 
__ c 

X X 

North Basin near-shore X X X 

mid-basin X X X 

Background Reservoirs 

Pyramid Lake X 

Chimney Reservoir X No Sample Collection Planned 

Rye Patch Reservoir X 

a Substituted for nearby Minor's Ranch location because of property-access issue. 
b No water present at riffle location as a result of drought conditions. 
c Basin drained as result of drought conditions; no deep-water areas present. 

Key: X = Sample collection completed as planned. 
-- = Sample collection planned but not possible for indicated reason. 
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I Table F-3 

PLANNED VS. COLLECTED BIOTA SAMPLESa 

Number Number 
Speciesb Location Planned Collected Reason for Deviation 

I 

Invertebrates 

Zooplankton South Basin LR 3 1 Basin nearly dry in 9/94 & 2195. 

Middle Basin LR 3 1 Basin nearly dry in 9/94. Few zooplankton 
present in 2/95. 

North Basin LR 3 3 NA 

Pyramid Lake 0 1 Collected for comparison with Lahontan 
Reservoir. 

Caddis fly Ruhenstroth Dap1 3 3 NA 
Larvae Santiago 

I 
3 3 NA 

Dayton State Park" 3 0 Drought conditions; limited availability. 

Churchill Gauge 3 3 NA 

• Midge Larvae Chimney Reservoir 0 3 Collected for comparison with Lahontan 
Reservoir. 

South Basin LR 3 3 NA 

Middle Basin LR 3 3 NA 

North Basin LR 3 3 NA 

Crayfish Ruhenstroth Dam 5 5 NA 

Santiago Ruins 5 7 NA 

Dayton State Park" 5 1 Drought conditions; limited availability. 

Churchill Gauge 5 8 NA 

Fish 

Sacramento Lahontan Reservoir 20 20 NA 
Blackfish Rye Patch 10 10 NA 

Reservoir 

Tahoe Sucker Ruhenstroth Dain 5 1 Limited availability. 

Santiago Ruins 5 4 Limited availability. 

Dayton State Pa,rk" 5 7 NA 

Churchill Gauge 5 7 NA 

Mountain Ruhenstroth Dam 0 5 Collected in place of Tahoe sucker. 

• Sucker 
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TableF-3 

PLANNED VS. COLLECTED BIOTA SAMPLESa 

Number Number 
Species" Location Planned Collected Reason for Deviation 

Green Sunfish Santiago Ruins 0 s Collected for additional data. 

Dayton State Par~ 0 s Collected for additional data. 

Carp Ruhenstroth Oam s 0 Species not available. 

Santiago Ruins s s NA 

Dayton State Par~ s 8 NA 

Churchill Gauge s s NA 

Rye Patch 0 10 Collected for comparison with Lahontan 
Reservoir Reservoir. 

Lahontan ~eservoir 20 20 NA 

Walleye Chimney Reservoir 10 2 Limited availability. 

Lahontan Reservoir 20 20 NA 

Liuuds 

Western Ruhenstroth Dam 8 8 NA 
Fence Lizard Santiago Ruins 8 8 NA 

Six Mile Canyon" 8 8 NA 

Birds 

Double- Pyramid Lake 8 8 NA 
Crested 
Cormorant Lahontan Reservoir 8 7 Limited availability. 

N. Rough- Ruhenstroth Dam 8 0 Species not available. 
Winged 

Dayton State Par~ 8 0 Species not available. Swallow 

Bank Swallow Ruhenstroth Dam 8 10 Substitute species for rough-winged swallow. 

Lahontan Reservoir 8 8 Substitute species for rou~-winged swallow 
available at this contaminated location. 

• Composite samples for zooplankton, caddistly larvae, and midge larvae; individual animals for other biota groups. 
b See Section 3 for Latin names. 
" Substituted for nearby Minor's Ranch location because of property-access issue. 

Key: LR =Lahontan Reservoir. 
NA = Not applicable. 
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1. INTRODUCTION 

As part of the Carson River system, the Lahontan Reservoir has experienced elevated 

mercury (Hg) loadings for over 100 years as a result of mining and mineral processing activities 

in the area. In 1915 the reservoir was created by damming the river, resulting in the reservoir 

becoming the main repository of Hg contaminated particles transported by the river. Hg 

concentrations in biota are very high, yet controlling their exposure to the estimated 7500 tons of 

Hg in the surrounding environment remains a major challenge. 

The following report details the development and application of a multi-species mass 

balance model for Hg In the Lahontan Reservoir. The mass balance model (QWASI 

fugacity/aquivalence multi-species model) translates data from the reservoir and general 

information of Hg behavior 'into a "picture" of Hg dynamics in the reservoir. From model results, 

we deduce the relative importance of sources of Hg and its dominant forms, and potential sources 

not previously characterized. Secondly, we use the model to identify the dominant processes 

controlling Hg fate. The model considers hydrologic and limnologic processes; chemical and 

some biotic processes are implicitly considered in the model which limits our ability to discuss 
I 

their importance. With an improved understanding of physical processes affecting Hg fate, more 

informed decisions can be made concerning effective abatement measures and the results that 

could be achieved through their implementation. For example, the model is used to examine the 

hypothesis that due to the long history of Hg loadings, the highly contaminated reservoir 

sediments are acting as a sm~rce of Hg to the reservoir, in addition to Hg entering from the Carson 

River. 

The model simulates' events that occurred during high flow conditions in May 1995 when 

the reservoir received its maximum annual Hg loadings and was intensively sampled. Processes 

affecting Hg fate under high.loading conditions will dictate, in large part, Hg's overall fate. We 

chose a steady-state simulation, rather than a time dependent or unsteady-state simulation, because 

the model provides much of the information necessary to guide management decisions and this 

level of complexity is appropriate for the data at hand. Finally, the choice of high flow conditions 

afforded the opportunity to test the model with data from other researchers who also examined Hg 

status during high flow conditions (Cooper et al. 1985, Bonzongo et al. 1996). The latter is 

important since it improves the credibility of the model: it is relatively easy to develop a model 
I 
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for a specific time, however the model is only useful if it can be applied to conditions other than 

that for which it was developed. 

In this report we briefly describe the model, discuss the model results, and draw 

conclusions regarding Hg behavior in the Lahontan Reservoir. These tasks meet the objectives 

laid out in the "Scope of Work" detailed in the Subcontract Agreement (No. ZS03161-30). 

2. MULTISPECIES QWASI MODEL 

The Lahontan Reservoir model was based on the QW ASI fugacity /aquivalence model 

developed by Mackay (1991) and Mackay and Diamond (1989) that describes chemical fate and 

transport in aquatic systems using a mass balance approach. Below we summarize the model's 

salient features. 

The QW ASI mass balance model considers major processes that affect chemical movement 

(Figure 1) and thus is suitable for describing chemical fate in a wide range of aquatic systems. 

The models use fugacity or aquivalence as an equilibrium criterion which simplifies model 

development and interpretation. Fugacity is an accepted thermodynamic term that expresses the 

• 

escaping tendency of a chemical, i.e., a chemical moves from a phase of high fugacity to low • 

fugacity, just as heat moves from compartments of high to lower temperatures (Mackay 1991). 

Fugacity is the preferred equilibrium criterion for chemicals with measurable vapor pressures. 

For involatile chemicals such as metals, we use aquivalence, an equilibrium criterion analogous 

to fugacity (Mackay and Diamond 1989). Regardless of bemg written in terms of fugacity, 

aquivalence or concentration, the mass balance models provide the same information on chemical 

concentrations, rates of movement and amounts in compartments of the system. 

Fugacity f (Pa), and aquivalence Q (mol/m3
), are linearly related to concentration C 

(mol/m3
) through chemical capacity terms or Z values as follows, i.e., C = Zf = ZQ, where Z 

is the fugacity capacity (mol/m3 Pa) and Z is the dimensionless aquivalence capacity. The ratio 

of two Z values is the dimensionless partition coefficent, K12 , for the two phases considered, e.g., 

K12 = Z1/Zz For fugacity, Z values are calculated by first establishing ZA (air) as 1/RT where R 

is the gas constant (m3 Pa/mol K) and Tis temperature (K). For aquivalence, Zw (water) is defined 

as 1.0. Z values for subsequent phases are calculated as the product of the appropriate Z value 

and partition coefficient. 
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• 
All rates of chemical transport and transformation are quantified by D values (mol Palhr3 

or m3/hr for fugacity and aquivalence formalisms, respectively). For advective flows (e.g., water, 

particle deposition), D is the product of G and Z where G is the bulk flow rate of the advective 
' 

medium (m3lhr) and Z is for the medium of origin. D values for diffusion are calculated as the 

product of K, A and Z where K is a mass transfer coefficient (mlhr) and A is the cross-sectional 

area (m2
). Chemical reaction or transformation processes are calculated as the product of k, V 

and Z where k is a first orper rate constant (hr"1
) and V is volume (m3

). 

Modeling Hg poses the particular challenge of accounting for the widely differing 

behaviors of its species, e.g., the highly volatile, gaseous elemental Hg (Hg0
), inorganic Hg that 

behaves similarly to other particle-reactive involatile metals, and monomethylmercury that is 

sparingly volatile but has a high potential for bioaccumulation. In the Lahontan Reservoir, Hg 

also exists as low solubility complexes with Au and Ag (from milling) and sulfides formed under 
I 

reducing conditions in sediment (Lechler et al. 1994). All species or forms co-exist and are 

presumed to interconvert in:phases of the system (e.g., air, water, sediment). As we do not know 
' 

rates of species interconversion (quantified as a D value for reaction), a model of Hg behavior 

• must account for individual species or forms while circumventing the explicit use of 

interconversion rates. The multi-species fugacitylaquivalence model satisfies this requirement and 

• 

I 

provides information on net rates of interconversion and species-specific chemical concentrations, 

amounts and rates of movement (Dtamond et al. 1992). The model relies on empirically derived 

estimates of species proportions in each phase and particulate-to-dissolved partition coefficients 
I 

for total Hg in all phases. 

Briefly, mass balances are written for all species in all main compartments (e.g., water and 

sediment). The species-specific equations are summed to give one mass balance equation for total 

chemical in each compartment. Expressions for species interconversion cancel upon summation. 

The model is first solved for total chemical in each compartment, from which species-specific 

concentrations, amounts and rates of movement are obtained by means of species proportions. 

The general equations for total chemical in water and sediment are 

(1) d(VwZswTQwT) I dt = EwT + QAT(DAT+DVT) + Qrr(Drr+DxT) + QsT(Drr+DRT) 

- QwT(DvT+ Drr+ DoT+ Dn+ DYT) 

(2) d(VsZssTQsT) I dt = QwT(Drr+DoT)- QsT(Drr+DoT+DaT) 
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The steady-state solution for (2) is 

(3) QsT = QwT(Dn+ DoT)/(Dn+ DoT+ DaT) 

and for (1) with substitution of (2) is 

(4) QwT = EwT+QAT(DAT+ DVT)+Qrr(Drr+ DxT)+QsT(Dn+ DRT)/ 

[(DvT+ Dn+ DoT+ DJT+ DYT) - (Dn+ DoT)(Dn+ DRT)/(Dn+ DRT+ DsT)] 

For additional information on the models the reader is referred to Mackay (1991) and 

Mackay and Diamond (1989). The multi-species model is fully described by Diamond et al. 

(1992) and Diamond (submitted). Below we discuss adaptations of the model to accommodate 

processes in the reservoir (Figure 1). D values used in the model are summarized in Table 1. 

3. LAHONTAN RESERVOIR MODEL 

The Lahontan Reservoir differs from most lakes for which the QW ASI model was 

developed·and applied (e.g., Mackay 1989, Diamond et al. 1994, Diamond 1995). Notably, 

the reservoir is more variable temporally than temperate systems and outflows from the 

reservoir are regulated. Variability is seen in hydrology (flows and reservoir volume), 

• 

suspended particle concentrations and, consequently, Hg loadings. Particular adaptations of • 

the model to suit the reservoir are described below, along with parameterization of model 

variabl~s. Finally, the model equations are presented. 

The model consists of three compartments, a water column and two vertical sediment 

layers. Hg can enter the reservoir from the Carson River, Truckee Canal, atmospheric 

deposition, and air-water exchange. Inputs may also come from deep, buried sediment. Total 

Hg concentrations in all inputs are specified (see Table 4) and· independent of the model. 

Outputs occur through burial to sediment underlying the reservoir and export via the dam. 

3.1 Spatial Variability 

The Lahontan Reservoir consists of three distinct basins with water from the Carson 

River entering the south basin, and flowing to the m1ddle and finally the noqh basm where the 

Lahontan Dam is located. Narrow channels connect the three basins and there is a sizable 

delta at the mouth of the river. For modeling purposes, we assume that water passes through 

the three basins, with the discharge of the south basin being the inflow of the middle, etc. We • 
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• also assume that the delta is within the south basin and half of each channel is subsumed within 

the adjacent basin. In addition to the Carson River, the north basin receives water and 

particles from the Truckee Canal. Back-mixing of water and particles from the north to the 

middle basin results in the "upstream" movement of relatively dilute Truckee Canal water. 

Mixing from the middle to south basin was not considered. Finally, we assume that the water 

column in each basin is w~ll mixed due to the turbulent conditions in the basins created by 

high flow conditions and back mixing. This assumption is valid for the modeling period 

considered (Cooper et al. 1983). Transient thermal stratification does occur during summer, 

particularly in the north basin, which could result in the temporary, redox-induced release of 

Hg to the hypolimnion and enhanced methylation rates (e.g., Wang and Driscoll 1995). These 

processes are not considered here. 

Segmentation of the basins is illustrated in Figure 2. Basin areas for high flow 

conditionS" were obtained from digital estimates of surface areas calculated from United States 

Geological Survey (USGS) topographic maps (39119-C1-TM-024, 39119-C2-TM-024, 39119-

01-TM-024, and 39119-02-TM-024). Basin volumes (high flow) were estimated from the 

• bathymetric map of Katzer (1972) (Table 2). Estimates of water surface area and volume are 

sensitive to the hydrologic conditions that, as noted above, vary widely. We estimate that 

• 

there may be up to 25% uncertainty in these parameter values. 

Sediment underlying the water columns is assumed to consist of two vertical layers, 

beneath which he deep, buried sediment (Figure 1). Since nearshore sediment is typically 

sandy with low Hg concentrations whereas mid-basin sediment is fine-grained with higher Hg 

concentrations (this report, Miller et al. 1995), we consider the central sediment area as the 

zone of sediment accumulation. We estimate the active sediment areas as 80, 65 and 60% of 

the surface water areas of the south, middle and north basins, respectively, based on basin 

bathymetry. Sediment in each basin is assumed to have the same porosity (90 and 60% for the 

upper and \ower sediment layers, respectively), an assumption based on data from other 

systems . 
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3.2 Temporal Variability 

Discussion of the Lahontan Reservoir inevitably turns to th~ wide fluctuations in the 

Carson River flow rate and basin volumes that occur within a year and year-to-year. To assess 

Hg fate in the reservoir. we developed a steady-state ·"snap shot" at a time of maximal Hg 

loadings in May 1995 and when reservoir dynamics strongly influence the annual fate of Hg. 

Examining this scenario also afforded us the opportunity to test the model with the data of 

Cooper eta!. (1985) and Bonzongo eta!. (1996), both of whom sampled in May. 

• 

Water flows were obtained from measurements taken by the USGS at stream gauge 

stations located at Fort Churchill (inflow, Figure 3), Fallon (outflow) and near Hazen (Truckee 

Canal inflow). There is some uncertainty in the actual flow rates at the reservoir since these 

stations are located 6 to 10 km from the reservoir (depending on the station). Daily inflow and 

outflow rates were calculated as geometric means of daily discharge rates during May 1995 at 

Fort Churchill and Fallon. Since Truckee Canal flow rates were minimal during May 1995, 

we used a geometric mean calculated from March 1995 data when flows were substantial. We 

chose these flow data based on the importance of the canal as a source of relatively 

uncontaminated water (Bonzongo et al. 1996). Because water discharge is controlled by dam • 

operations, inflow·and outflow rates are not necessarily equal. For modeling purposes, we 

assumed the inflow rate IS greater than the outflow rate, which is usually the case during high 

flows. Table 2 summarizes the flow rates used in the model. 

3. 3 Sediment 

Proper characterization of the sediment compartments is critical to a model of the 

Lahontan Reservoir since sediment is the repository of Hg entering the reservoir. However, 

characterization is difficult because of the wet-dry cycles that the sediment undergoes, a 

process that is qualitatively understood but for which quantitative data are lacking. There is 

also a lack of data on rates of annual sediment accumulation or burial. Here, sediment refers 

to the top 15 em of the central zone of sediment accumulation where Hg concentrations are 

highest. The model does not consider the litoral sediment with relatively low Hg 

concentrations. 

-6- G-12 

• 



• 

• 

• 

Miller et al. (1995)have suggested that shrink and swell processes, due to periodic 

sediment drying, result in sediment layers mixing vertically. They have postulated this 

mechanism to account for disturbed depth profiles of Hg, lead (Pb) and cesium (Cs) (hence the 
' •, 

inability to date cores using Pb-210 or Cs-137 records) (Figure 4). If mixing occurs, then 

heavily contaminated sediment at depth could be reworked towards the upper sediment depths. 

This process would introduce Hg from the deep contaminated sediment that would then mix 

with the less contaminated surface sediments. If true, historic Hg is a present source to the 

reservoir resulting in elevated surficial sediment and water column concentrations. 

We have accounted for sediment mixing in the model as follows. The model considers 

an upper layer (U) that communicates with the water column, and a lower layer (L) that can 

receive inputs of deep, buried sediment. Mixing between the two layers results in Hg from the 

water column and deep, buried sediment ultimately mixing and homogenizing the Hg depth 

profile, as· Miller et al. have found. 

The 'fate of buried sediment introduction was defined as the product of a G value (bulk 

material movement, m3/h) and Hg concentration (ng/g). The G value was parameterized by 

model calibration, based on sediment concentrations measured at depth by Miller et al. (1995). 
I 

The buried sediment introduction term does not affect the particle balance since equal amounts 

of sediment move upward (the "introduced" sediment) and downward (the "buried" sediment), 

i.e., the mass of sediment ip each layer is conserved. 

3.4 Particle Balance 

During high flows, the Lahontan Reservoir is an energetic systeiil:, receiving 529,000 

kg/d of particles from the Carson River (calcu1ated as the product of suspended particle 

concentrations and water flow rate for May 1995, USGS). The reservoir itself is highly 

turbid, with suspended particle concentrations of about 22 mg/L in all basins (this report). 

Since over 90% of Hg in the reservoir water is particle-bound, it is essential to quantify the " 

movement of particles in the reservoir. 

A particle balance ~as constructed for the reservoir that assumed decomposition of the 

largely inorganic particles does not occur (Lechler et al. 1994). The balance was constrained 

by the concentrations of suspended particles entering the reservoir from the Carson River and 
I 
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Truckee Canal, and leaving each basin (Figure 5), and catches from sediment traps deployed in 

all basins during May 1995 (Table 3). The computed catches were used as a guide only 

because most traps were deployed close to the sediment-water interface and therefore would 

contain depositing and resuspended material, and uncertainties inherent in the use of traps for 

quantification purposes (e.g., Bloesch and Burns 1980). Table 2 summarizes values used to : 

parameterize sediment-water exchange processes. 

The particle balance suggests that about 80% of the Carson River particles are 

deposited and buried in the south basin (Figure 5). A significant, but unknown fraction of the 

deposited material forms the aggrading delta at the river's mouth, a process not considered in 

the model. Rather, we assumed a uniform deposition rate applied to the entire basin area. 

Resuspension rates are relatively high in the south basin, which follows from the basin's 

shallow depth. The rate of buried sediment introduction is also high, which again, is 

consistent"with the large fluctuations in water volume, to the extent where much of the basin 

can be dry during summer. From the south to north basin, deposition, resuspension, buried 

sediment introduction and sediment mixing decrease coincident with increasing basin depth and 

water volume. 

The steady-state particle balances for the water column, and upper and lower sediment 

layers of each basin are 

(5) Carson Inflow + Truckee Inflow + Resusp = Outflow-+ Dep 

(6) Dep + (Mixing+ Diff'n)L-u = Burialu + (Mixing + Diff'n)u-L 

(7) Burialu + (Mixing + Diff'n)u-L = BurialL + (Mixing+ Diff'n)L-u + Sed-In 

While .the particle transport parameterization is consistent with' qualitative observations 

and optimizes correspondence between observed and estimated particle concentrations, 

particular values contain considerable uncertainty and the parameterization is not unique, i.e., 

other combinations of parameter values yield similar results. 

Z values (Table 4) for suspended particles and sediment were comput,ed from calculated 

partition coefficients, Kp, i.e., suspended particle-to-dissolved and sediment-to-pore water 

Hg, respectively. As indicated in Table 4, basin..,specific partition coefficients were calculated 

based on measured concentrations. Variations in Kp may be due to particle size effects as 
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• heavier particles settle closer to source or the influence of different particle sources, e.g., 

Carson River versus Truckee Canal. Species- specific partition coefficients were calculated 

using concentration fractions (Table 5). 

3.5 Mercury Speciation 

Over 90% of total Hg in the Carson River and Lahontan Reservoir (water and 

sediment) is strongly bound within particles and sediment as an elemental amalgam with Au 

and Ag, and Hg sulfides formed under reducing conditions in sediment (Lechler et al. 1994). 

Chemical analysis indicates that minimal particulate Hg is reactive, which is consistent with 

the findings of Bonzongo et al. (1996). Less than 1% of total Hg is in elemental gaseous 

(Hg0
) or monomethyl (MeHg) forms (this report). 

The model considers three forms of Hg in all compartments and phases of the model, 

elemental -gaseous Hgo that: is highly volatile, monomethylmercury or MeHg that is 

bioaccumulative, and a residual fraction of strongly bound Hg. Since Hg(ID was not analyzed 

in sediment solids, it was not possible to include Hg(II) as a distinct species or form in the 

• model. Thus, values for Hgll and residual Hg in the water column were combined. Table 5 

lists species fractions calculated from measured Hg concentrations and Table 6 summarizes the 

physical-chemical properties of each Hg species or form. For residual Hg that is nonvolatile, 

the key physical-chemical properties are empirically derived partition coefficients, which 

circumvents the need for exact chemical characterization. The same species concentration 

fractions are used for all basins based on their similarity from basin-to-basin. 

• 

It should be noted that Hg concentrations, and hence species fractions, for suspended 

particles we~;e obtained by difference between those analyzed in unfiltered and filtered water, 

and the results were then c~::mverted to Hg concentrations on a particle mass basis (ng/g) using 

the concentration of suspe~ded particles. Suspended particles per se were not analyzed . 
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3.6 Mass Balance Model 

The mass balance equations for total Hg in the water column, and the upper and lower 

sediment layers account for all Hg entering and leaving each compartment. The following 

points summarize the processes whereby Hg enters and leaves -each compartment (Figure 1). 

Sources of Hg to the water column are: 

• particulate and dissolved Hg inflow from the Carson River and Truckee Canal, 
• atmospheric deposition via wet and dry deposition of particulate Hg, washout of dissolved 

Hg, and adsorption of gaseous Hgo from air-to-water, 
• particulate Hg resuspended from bottom sediment and dissolved Hg diffusing from 

sediment-to-water, and 

The processes removing Hg from the water column are: 

• particulate and dissolved Hg export via discharge from the Lahontan dam, 
• deposition of particulate Hg and diffusion of dissolved Hg from water-to-sediment, and 
• volatilization of dissolved gaseous Hg0

• 

Hg enters the upper sediment layer via: 

• deposition and diffusion from water-to-sediment, and 

• 

• mixing of particulate Hg and diffusion of dissolved Hg in the pore water from the lower to • 
upper sediment layers. 

Hg is lost from the upper sediment layer via: 

• res us pension and diffusion from sediment-to-water, 
• mixing of particulate Hg and diffusion of dissolved Hg from the upper to lower sediment 

layers, and 
• burial of particulate Hg to the lower sediment layer. 

The lower sediment layer receives Hg from: 

• burial and mixing of particulate Hg and diffusion of dissolved Hg from the upper sediment 
layer, and 

• introduction of deep, buried sediment. 

Finally, Hg is lost from the lower sediment layer by: 

• burial of particulate Hg to deep, buried sediment, and 
• mixing of particulate Hg and diffusion of dissolved Hg from the lower to upper sediment 

layers. 

The processes that ultimately remove Hg from the system are volatilization, export and 

burial to deep sediment (although Hg is postulated to re-enter the sediment from the buried 
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• sediments). Note that burial refers to net loss of particulate Hg from a sediment compartment 

whereas mixing introduces and removes particulate Hg from adjacent sediment layers, i.e., 

burial is the difference between upward and downward mixing rates. 

The mass balance equations are as follows for the water column 

(8) VwZ8wdQw/dt = Q1(D1+Dx) + QT(Drr+DxT) + QA(DM+Dc+DQ+Dv) + 

Qsu(DRu + Dswu) - Qw(DJ + Dy + D A+ Do+ DwJ 

the upper sediment layer · 
I 

(9) YsuZssudQsuldt = Qw(Dn+DwJ + QsL(DML +DsJ- Qsu(DR+Dsw+Dsu+DMu+Dsu) 

and the lower sediment layer 

(10) YsLZBSLdQsddt = Qsu(Dsu+DMu+Dsu) + QSBuneiDsa)- QsL(DBL +DML +DsJ 

At steady state the differen~ials are set to zero and the equations are solved simultaneously for 

Qw, Q8u and Qsu aquivalences in water, and upper and lower sediment layers, respectively. 

The model is run by specifying values for Hg aquivalences in the inflow of the Carson 

River and Truckee· Canal, air, and buried sediment. These aquivalences are calculated from 

the respective concentrations obtained from this report for the inflows, Miller et al. (1995) for 

• buried sediment, and Gustin et al. (1994) for air (Table 4). With estimated values of Qw. Q8u 

and QsL• concentrations, amounts and rates of total Hg movement are calculated. Species-

specific values are obtained as the product of total Hg concentrations, amounts, and rates of 

movement, and species-specific concentration fractions (Table 5). 

The model is written in C++ in a Windows environment on an IBM compatible 

personal computer. 

4. MODEL CALIBRATION AND TESTING 

The model was parameterized and calibrated using May 1995 data (this report) and 

from other sources. The calibration criterion was correspondence between measured and 

estimated Hg concentration~ in both water and sediment. The parameter values adjusted to 

maximize this correspondence were those for sediment movement (deposittor,t and 

resuspension) and introduction of contaminated deep, buried sediment. Again, values for 

sediment movement were constramed by mamtaining an overall particle balance and 

• consistency with basin characteristics. 
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Figure 6 illustrates the comparison between estimated and measured concentrations in 

water and sediment. Estimated water concentrations are within 30% of measured values (this 

report), and estimated sediment concentrations in south and middle basins are ~ithin about 

35% of measured concentrations (this report, Miller et al. 1995). The discrepancy between 

estimated and measured sediment concentrations in the north basin is about a factor of three 

for the data of Miller et al. (1995). The sediment concentration measured in this study (400 

ng/g), is an order of magnitude less than that reported by Miller et al. (1995). The difference 

between measured values illustrates spatial heterogeneity in sediment concentrations. 

As an independent test, the model was run with data specified by Cooper et al. (1985) 

for May-June 1983 and Bonzongo et al. (1996) who sampled the reservoir in May 1994. 

Again, estimated values were within 30% of measured concentrations (Table 7). These results 

are encouraging since the correspondence was achieved by changing only the river flow rate 

and Hg lo:tding (for 1983 or 1994) while maintaining the same values of all other parameters. 

Correspondence was less good for the June 1994 data reported by Bonzongo et al. (1996), 

likely due to the low water flows in the Carson River and water volume in the reservoir at this 

time, conditions not accounted for in this simulation. 

Spatially, the model accounts for declining Hg water concentrations from south to 

north. Due to variability, spatial patterns in sediment are less clear. Despite this variability, 

correspondence between estimated and measured concentrations is important since it provides 

some confidence that the model adequately describes the system. 

5. RESULTS AND DISCUSSION 

As shown in Figure 7, the primary source of Hg is the Carson River with minimal 

contributions from the Truckee Canal and atmospheric deposition. About 98% (9400 g/d) of 

total Hg (9610 g/d) entering the system from the Carson River is in particulate form, of which 

over 90% (8900 g/d) is retained in sediments. In comparison, about 65% (140 g/d) of 

dissolved Hg is retained. The remainder of total loadings (710 g/d) are lost P~rough the 

reservoir outflow. Volatilization losses are negligible at 0.2 g/d. Minimal atmospheric 

deposition and/or volatilization losses are consistent with the findings of Gustin et al. (1996) 

that air concentrations near the reservoir are low, which led them to conclude that 

volatilization from the reservoir was low or diluted at their measurement site. 
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• Approximately 2% of total Hg entering from the Carson River is dissolved whereas 

dissolved Hg comprises about 7 to 8% of total Hg in the reservoir. Thus, dissolution or 

conversion of particulate Hg to dissolved forms is minimal. Howe'ver, because the mass of 

total Hg in the reservoir is so great, this minimal dissolution rate results in dissolved Hg 

concentrations of 20 to 40 ng/L, which in absolute terms is very high. Spatially, the effect of 

Hg dynamics is high Hg concentrations in water and sediment in the south and middle basins. 

Concentrations are lower in the north basin due to burial of Hg-rich particles in the previous 

two basins and dilution from the Truckee Canal. 

Model results suggest that measured sediment concentrations are not sustained by 

present loadings, particularly in the south and middle basins. We suggest two possibilities to 

account for the discrepancy, (1) the model is either incorrect or inappropriately parameterized 

or (2) additional loadings contribute to measured concentrations. To examine the first 

possibility", we assessed the model with Hg data from other researchers as discussed in Section 

4. While the model perfoqned adequately, a more rigorous test would be afforded with data 

for another chemical, or a second, comprehensive data set for Hg. We have some confidence 

• that the model is appropriate as the single chemical version has described other systems well 

(e.g., Ling et al. 1993, Diamond et al. 1994) and the multiple chemical version provides 

reasonable results (Diamond, submitted). The second possibility has arisen where either 

contaminated sediment occurs (Diamond 1995) or other input sources have not been considered 

(Diamond et al. 1996). For the Lahontan Reservoir, additional loadings could be due to 

atmospheric deposition, an ·unknown source such as previously high loadings, or contaminated 

sediment acting as an mput source. Additional inputs from atmospheric deposition are 

unlikely, as discussed above. Whereas previously high loadings may be the case, the model 

simulates high loading conditions (May 1995 conditions are about a 1 in 20 year high loading 

event, where loadings are proportional to water discharge). The final possibility, contaminated 

sediments acting as a source, is likely considering the history of Hg use in the area and the 

sediment profiles of Miller et al. (1995) indicating more contaminated sediment at depth in 

most cores (Figure 4). As discussed in Seeton 3.3, a wet and dry cycle may cause sediment to 

shrink and expand, which in turn, may move buried sediment upwards and into contact with 

• the water column. This effect is hypothesized to be greatest in the south and middle basin 

where water levels vary dramatically and sediment concentrations are highest. In contrast, 
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water levels in the 'north basin are relatively stable and concentrations are diluted by ·the 

Truckee Canal. 

To achieve correspondence between measured and estimated concentrations, we 

hypothesize that 8600 g/d of total Hg enters from the deep, buried sediment, with 75% of this 

entering the south basin. Through sediment resuspension, this contribution accounts for 4, 21 

and 22% of total Hg in the water column of the south, middle and north basins, respectively. 

The contribution to the north basin is due to downstream export of resuspended sediment since 

the model suggests no direct inputs of historical Hg to the basin's sediment bed. With time, 

·inputs from deep, buried sediment would diminish as this source is diluted by mixing with 

cleaner surface sediment, a process not accounted for by the model. A similar situation is 

fully described by Diamond ( 1995) for an arsenic contaminated lake. 

As mentioned above, remobilization of sedimentary Hg to the water column is due to 

resuspensi'on, with minimal sediment-to-water diffusion occurring despite high sediment 

concentrations. Diffusion is minimal due to the strongly bound nature of Hg, exemplified by 

the high sediment partition coefficients in the zone of sediment accumulation. The sediment 

partition coefficients, that are the same order of magnitude as those for the water column, 

contrast with those for uncontaminated systems in which sediment partition coefficients are 

typically an order of magnitude less than water column values (Hurley et al. 1994a), leading to 

potentially significant diffusive fluxes (e.g., Krabbenhoft and Babiarz 1992). 

Individual Hg forms experience significantly different behavior from total Hg, as 

illustrated in Figures 8 to 10. Rates of species interconversion are calculated from species

specific mass balances, as discussed below. 

Less than one percent of total Hg is elemental gaseous Ht, which limits Hg loss via 

volatilization (Figure 8). In contrast, Hg is reduced to Hgo in concentrations far exceeding 

saturation in lakes that receive Hg from atmosphenc or geologic ·sources, of which an 

appreciable fraction of the inorganic Hg is reactive Hgll (Fitzgerald et al. 1994). In these 

systems, Hgll reduction to Hgo has been hypothesized to be due to photochemical reaction(s), 

possibly mediated by humi'c substances (Allarc;l and Arsenie 1991, ~iao et al. 1991, Amyot et 

al. 1994). Hg reduction in the Lahontan Reservoir is probably limited by the lack of reactive 

Hgll and possibly by low concentrations of humic substances. 
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• The virtual lack of elemental gaseous Hgo and, consequently volatilization, has 

important implications for Hg dynamics in the reservoir. ·Volatilization has been hypothesized 

to be a "release" .mechanism that reduces the total amount of Hg in a lake as Hgo degasses 

(Fitzgerald et al. 1994). In temperate systems, this release can offset about 10 to 20% of Hg 

loadings (Diamond, submitted). However, as Hg is a multi-media contaminant, release from 

one source implies redeposition at the same or another location. 

Approximately 0.4% (40 g/d) of Hg entering from the Carson River is MeHg (Figure 

9). The Truckee Canal arid buried sediment may contribute 4 g/d each, although /these 

estimates are highly uncertain. In all basins, MeHg constitutes about 0.5% of total Hg in the 

water and 0.1% in the sediment. These fractions are about 10 times lower than those in 

uncontaminated systems (e.g., Watras and Bloom 1994, Lee and Iverfeldt 1991, Hurley et al. 

1994b). 

The model indicates that there is no net gain of MeHg in the reservoir at the expense of 

residual Hg or Hg0
• Rather, MeHg in the reservoir can be accounted for by inputs from the 

Carson River, Truckee Canal and buried sediment. The results suggest minimal net 

• production of MeHg in the water column of the south and middle basins (11 and 2 ~/d, 
respectively), i.e., more MeHg leaves the water column than enters. The results also suggest 

net losses of MeHg in the upper sediment layers of all basins (34, 6 and 6 g/d, respectively). 

Overall, a net loss of 32 g/d is calculated for the reservoir, i.e., more MeHg enters than leaves 

the water and sediment of all basins. Gains and losses are from and to the pool of residual 

Hg, but not Hg0
• These n~t gains and losses are very low compared to inputs (e.g., less than 

1%) and may be within the margin of uncertainty rather than indicative of actual 

interconversion. In addition, the results should be regarded with caution since the MeHg mass 

balance neglects biotic uptake which is thought to be the sink for most MeHg in aquatic 

systems (Watras et al. 1994). The estimate of 6 g/d of MeHg entering from buried sediment is 

based on the MeHg fraction in the upper sediment layer, but data are unavailable to validate 

this assumption. 

Residual Hg movement follows that of any particle-bound metal, with burial being the 

dominant loss mechanisms' (Figure 10). Since most Hg in the reservoir is in the residual form, 

• the main deductions made for total chemical pertains to the residual form. 
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Finally, Figure 11 presents estimated amounts of total and forms of Hg. As expected, 

the greatest burdens reside in the sediment compartments within the residual form. The model 

estimates that the top 15 em of sediment plus the water column holds about 50,000 kg of total 

Hg, of which only 120 or 0.2% is in the water column. The largest sink is the bottom 

sediment layer which holds about 85% of the total burden. 

' 
In general, Hg appears. to behave as any other highly particle-bound- and nonvolatile 

chemical by being retained in the sediment of the reservoir. In contrast to Hg behavior in 

uncontaminated systems, retention of 90% of loadings is extremely high. The results suggest 

that the mineralogy of Hg in the Lahontan Reservoir is the main factor controlling its observed 

behavior, such as high retention and low interconversion rates, that result in minimal 

volatilization and methylation. This hypothesis of substrate limitation may be an alternative 
', 

to, or augment the hypothesis of Chen eta!. (1996), that Hg methylation is limited by 

microbial inhibition resulting from high Hg concentrations. 

Dynamics in the reservoir also differ significantly from that of a lake where the 

sediment can serve as an ultimate sink. In deep lakes in which resuspension is minimal, the 

sediment can effectively hold a particle-bound chemical, with minimal chemical re-entering the 

water column through sediment-water exchange processes. The sediment of shallow lakes, 

such as the Lahontan Reservoir, are less "permanent" sinks as resuspension remobilizes the 

chemical and physically mixes the upper sediment layer. In addition to remobilization through 

resuspension, Hg in the Lahontan Reservoir sediments is hypothesized to be maintained in the 

system by the mixing of buried sediment, according to the mechanism Miller·et a!. (1995) 

proposed to account for disturbed sediment stratigraphy. If true, the historically deposited Hg 

may be an additional source to the system, elevating sediment concentrations in, primarily, 

south and middle basins and, secondarily, water concentrations in all three basins. Should 

significant Hg export occur, then this sediment source would be depleted over time as 

downstream areas received this Hg. However, because Hg export from the Lahontan 

Reservoir is negligible, these processes may maintain the Hg inventory in reservOir water and 
I 

upper sediment layers for decades. 

• 

• 

It is interesting that sediment concentrations are about an order of magnitude lower in • 

the north basin than south and middle basins. If all basins behave similarly. one would expect 
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sediment concentrations to equalize over time .as sediment deposited in the south basin was 

resuspended and conveyed to the middle basin, and then the north basin. This process explains 

the similarity of sediment concentrations between the south and middle basins. Wi~in- and 

inter-basin transport seems to differ though, for several reasons. First, the Truckee Canal 

supplies relatively clean water and partiCles that dilute Hg concentrations in the north basin. 

When the dam is closed, the Truckee Canal water flows from the north to middle basins, etc., 

as water levels equalize, thereby reducing the movement of Carson River water and particles 

into the north basin. Secondly, we suggest that buried sediment does not mix with the surficial 

layers in the north basin that retains water even under low flow or drought conditions. 

Thirdly, resuspension rates are low due to the greater depth of the basin, and again, this 

minimizes sediment mixing. For these reasons, historically deposited Hg in the north basin 

should be buried by successive sediment layers. 

Th·e differing sediment concentrations between the south and middle versus north basins 

affords a test of the hypothesis that mixing from deep sediment is, in part, supplying the south 

and middle basins with "extra" Hg than that presently entering through the river. We 

recommend testing the hypothesis because any abatement measures taken for the Lahontan 

Reservoir should be done with knowledge of all major Hg sources to the system. Indeed, all 

aspects of sediment-water exchange require better quantification since these rates control 

removal of Hg to a final sedimentary sink. 

6. SENSITIVITY ANALYSIS 
' 

Uncertainty in mod,el parameter values and model structure (i.e., simplifying 

assumptions) are endemic to modeling. In addition, our ability to draw conclusions 

concerning Hg behavior in the Lahontan Reservoir is circumscribed by the scenario modeled. 

In this case, we chose to develop a steady-state model of high flow conditions in order to 

explore processes occurring when loadings are greatest. Thus, the model captures events that 

influence the fate of most Hg entering the system, but does not include effects due to temporal 

and naturally occurring variability in the system. 

To address this limitation, a sensitivity analysis was performed to examine the response 

• of model estimates to uncertainties and variability in parameter values used in the model. The 

magnitude of variability and uncertainty is summarized qualitatively in Table 8. For the 
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sensitivity analysis, we chose to doubled parameter values in all three basins simultaneously, a 

factor that is probably within the range of observed variability. Figure 12 illustrates the results 

that are expressed in terms of the change in total Hg water and sediment concentrations in the 

south basin, expressed as percentage deviations from the base case. 

The model results are most sensitive to those parameters that affect Hg loading to the 

system, namely input concentration and water flow rate. Fortunately, water flow rates and Hg 

concentrations are accurately measured. 

As expected, model results are sensitive to estimates_ of suspended particle 

concentrations and rates of particle movement. For example, doubling the suspended particle 

concentration increases the Hg water concentration by almost 60% and decreases sediment 

concentrations by about 20% as more Hg remains in the water. Suspended particle 

concentrations can be accurately measured and uncertainty in this parameter should be minimal 

although there may be considerable temporal v~riability. In contrast, considerable uncertainty 

surrounds estimates of particle movement rates that are difficult to estimate from field 

measurements. Doubling the deposition rate halves water concentrations as Hg is conveyed to 

the sediment where concentrations concomitantly increase. In the middle and north basins, 

this change causes water and sediment concentrations to decrease as less Hg is exported from 

the south basin. Doubling resuspension rates (re)introduces Hg to the water column and 

removes Hg from sediment. However, the increased resuspension rate increases sediment 

concentrations in the north basin as more Hg is exported from the upstream basins. Doubling 

the burial rate halves sediment concentrations and reduces water concentrations by 20 to 30% 

as more Hg is lost to deep, buried sediment. 

Within the sediment, doubling the mixing rate between the upper and lower sediment 

layers increases concentrations by 5 to 10% in water and sediment as more Hg is kept within 

the two sediment layers .and less is lost through burial. The relative insensitivity of model 

estimates to this parameter is fortunate since the values were obtained by model calibration and 

would be difficult to quantify from field measurements. Increasing the rate 4t which buried 

sediment enters the lower sediment layer increases water and upper sediment concentrations by 

only 10% in the south pasin, but up to 40% in the middle basin as additional Hg enters the 

system. 
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Finally, doubling the reservoir area halves water and sediment concentrations as 

deposition and burial rates correspondingly increase (to maintain the particle balance). 

Uncertainty in reservoir area arises as the water volume fluctuates and siltation occurs over 

time. 

7. SUMMARY AND CONCLUSIONS 

A steady-state mass balance model of the Lahontan Reservoir was developed to 

simulate high flow conditions of May 1995, the time at which maximum loadings occur. The 
I ' 

model treats the reservoir as three discrete basins, each with a well mixed water column and 

two vertical sediment layers representative of the zone of sediment accumulation. The model 

accounts for three Hg fractions, elemental gaseous Hg (Hg0
), monomethylmercury (MeHg), 

and a residual fraction tightly bound in particles. The latter fraction constitutes over 95% of 

all Hg in ihe system. The,model was calibrated against measured water and sediment 
I 

concentrations contained in this report and Miller et al. (1995), by adjusting rates of particle 

movement within the bounds of a particle budget. The model was tested with Hg 

concentration data of Cooper et al. (1985) and Bonzongo et al. (1996). Model results were 

within 30% of measured water and sediment concentrations, with the exception of sediment 

concentrations in the north basin that were within a factor of three. 

The results from the model suggest the following: 

1. Most Hg in the water column and upper layer (5 em) of sediment in all basins is 

derived from the Carson River: inputs from atmospheric deposition and the Truckee 

Canal are negligible. 

2. More than 90% of Hg entering from the Carson River at high flow is retained in the 

sediment of the Lahontan Reservoir, with the remainder being lost through export. 

3. Minimal Hg is lost through volatilization of elemental gaseous Hgo due to limited 

residual Hg reduction to Hg0
• 

4. The proportion of MeHg in the reservoir is low (0.5 and 0.1% in water and sediment, 

respectively). MeHg burdens can be accounted for by inputs from the Carson River, 

with small (and uncertain) inputs from the Truckee Canal and buried sediment. Rates 
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of conversion of residual Hg to MeHg are extremely low, which again, is suggested to 

be due to substrate limitation. 

5. Model results suggest that sediment concentrations are partially supported by sources 

other than the Carson River, Truckee Canal and atmospheric deposition. We 

hypothesize that deep, buried sediment, with elevated Hg concentrations, provides this 

source through mixing caused by wet and dry cycles. In turn, this "historic" Hg may 

be introduced to the water column by resuspension. 

6. The results of a sensitivity analysis indicate the dependence of model results on Hg 

loadings (as expected), the concentration of suspended particles, and rates of particle 

movement, namely sediment deposition, resuspension and burial. 
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Table 1 : Process and rate expressions used in the Lahontan Reservoir model • Processes D Values (m3/h) Rates (mol/h) 

Water inflow DIT= GI*ZW DIT*QW 

Water outflow DJT= GJ*ZW DJT*QW 

Particle inflow DXT=GX*ZP DXT*QW 

Particle outflow DYT=GY*ZP DYT*QW 

Truckke Inflow DTT= Gt*ZT DTT*OrR 

Rain dissolution DM=GM*ZW DM*QA 

Wet deposition DC=GC*ZQ DC*QA 

Dry deposition DQ=GQ*ZQ DQ*QA 

Volatilization DVT= 11[1/(KV* AW*ZW)+ DVT*QW 

1/(KA * AW*ZW)] 

Absorption DAT=1/[1/(KV*AW*ZW)+ DAT*QA 

1/(KA*AW*ZW)] 

SedU deposition DDT=GD*ZP DDT*QW • SedU resuspension DRT=GR*ZS DRT*QSU 

SedU burial DBUT=GB*ZS DBUT*QSU 

SedL burial DBLT=GB*ZS DBLT*QSL 

SedU-SedL · diffusion DSUT=KS*AS*ZS DSUT*QSU 

~edL-SedU diffusion DSLT=KS*AS*ZS DSLT*QSL 

SedU-SedL mixing DMUT=KM* AS*ZS DMUT*QSU 

SedL-SedU mixing DMLT=KM*AS*ZS DMLT*QSL 

Wat-SedU diffusion DWST=KT* AW*ZW DWST*QW 

SedU-W at diffusion DSWT=KT*AS*ZW DSWT*QSU 

SedL Backmix DSBT= GCU*AS DSBT*QSL 

• The rate is the product ofD (m3/h) and aquivalence Q (mol/ m3
). 

• G values are flows(m3 /h) of a phase. Z values are aquivalence capacities (dimensionless) . 

• 
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• Table 2: Reservoir parameters 

South Basin Middle Basin North Basin Source 

Reservoir Dimensions 

Water Area (m2
) 1.63E+07 119E+07 1 89E+07 

Mean Depth (m) 5.00 7.00 11 00 

Water Volume (m3
) 8.30E+07 830E+07 2.07E+OB Bathymetnc map 

Active Sed1ment Area (m2
) 1 38E+07 770E+06 113E+07 by Katzer (1972) 

Sedtment U Depth (m) 0.00 0.00 0.00 

Sedtment L Depth (m) 0.1 0.1 0:!_ 

Particle Densities (kgll) 

Susp Parttcle 2.00 

J Sedtments 240 Mackay et al (1994) 

Aerosols 2.40 

Process Rates (mlh) 

Water-air Volatilization 1.00 ] Atr-wate' Absorption 0.01 Mackay et al. (1994) 

Sed -water D1ffus1on 0.0002 

Sed -sed Diffusion 1 OOE-08 

Particle Properties 

Cone Susp Part1cle(mg/L) 22.80 2100 2140 EPA 

• Vol Fract. Aerosols 1.33E-11 Mackay et al. (1994) 

Sed U Porosity 010 assumed 

Sed L Porosity 040 assumed 

Cone Susp Part 1nflow(mg/L) 10000 EPA 

Cone Susp Part truckee(mg/L) 10650 EPA 

l Water Flows (m3/y) 

Inflow 1 8163E+OO 1 816297E +00 1.816296E1 
Outflow 1 816297E +00 1 816295E+OO 1138e00 USGS 

Truckee Canal 6.57&lE+07 32880E+OB 

Particle Transport Rates (ghn2/d) 

Deposition 5000 21 00 14 00 Sed trap data & model calibration 

Resuspens1on 22.48 1764 7.91 model calibration 

Bunal- USed 2752 3.36 609 particle balance 

Bunal- L Sed 3452 736 609 particle balance 

MIXIng 500 300 010 assumed 

SedB_In 700 4.00 000 model cahbratton 

• 
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Table 3 : Deposition rates calculated from sediment traps 
(source: EPA trap data) 

Dry fraction of 

Basin mass collected 

A* 

North 0.00191 
0.00262 

Middle 0.00221 
0.00278 
0.00282 
0.0025 

South 0.00158 
0.00164 
0.00187 
0.00162 
0.000173 
0.000168 

* A, 8, D are measured. 
- C, E are calculated. 

collection duration computed sed Trap Depth 

(hr) mass (mg) (m) 

8* c- D* 

120.3 477.5 18.6 
120.3 655.0 18.6 

121.2 552.5 10.7 
121.2 695.0 10.7 
120.3 705.0 9.5 
120.3 625.0 9.5 I 

93.2 395.0 8.2 
93.2 410.0 
121.8 467.5 5.8 
121.8 405.0 
29.5 43.3 2.7 
29.5 42.0 

C = A*1E06*sample voi(L) = mg sediment collected. 
Area of trap = 4.56E-03 m2 

E = C/8/Area of trap. 
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Deposition Flux 

(g/m2/day) 

E-. 

20.9 
28.7 

24.0 
30.2 
30.8 
27.3 

22.3 
23.2 
20.2 
17.5 
7.7 
7.5 • 
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• Table 4: Chemical parameters 

South Basin Middle Basin North Basin Source 

I 

Partition Coefficients (Ukg) 

A1r-water 0005 0005 0005 Henry's Law 

Suspended Particle-water 506E+05 500E+05 506E•~ 
Sed -water (m1d-bas1n) 549E+05 302E+05 1 76E+05 EPA 

Sed -water (near-shore) 1 OOE+03 1 74E+03 906E+02 

ZValues 
' -

Z AIR 0005 0005 0005 

ZwATER 100 1 00 100 

Z.SUSPENDED PART 1 21E+06 1 41E+06 1 21 E+06 Calculated 

Z.SEOIMENT PART 1 32E+06 725E+05 422E+05 

lpOREWATER 100 100 1 00 -
Input Mercury Concentatlons (ng/L) 

Air (ng/m3) 2.30 Gust1n et al. 1994 

Inflow Carsqn River 

dissolved 3200 EPA 

-- suspended particles 168800 EPA 

Truckee Canal 

diSSOlved 200 EPA 

• - suspended part1cles 4400" EPA 

Initial Aqulvalences (mollm 3
) 

A1r 229E-03 J I 
Carson R1ver Inflow 600E..Q7 Calculated 

Truckee Inflow 600E..Q7 

• 
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Table f: Mercury species concentration fractions in air, water, and sediment 

Hgo Res1dual Hg MeHg Hgo Residual Hg MeHg 

AIR AEROSOL 
AIR 0.98 1.00E-12 0.02 1.00E-12 0.97 0.03 

WATER SUSPENDED PARTICLES 
WATER 0.003 0.967 0.03 1.00E-12 0.997 0.003 

PORE WATER BOTIOM SEDIMENTS 
SEDIMENT 6.45E-05 0.91 0.09 1.00E-12 0.9995 0.0005 

Table 6 Physical-chemical properties of mercury species 
(source: Yarwood & Niki, 1990) 

Molecular V\{eight (g/mol) 
Henry's Law·constant (Pa.m3/mol) 
Vapor Pressure (Pa) 

Melting Point (oC) 

1
: elemental gaseous mercury 

2
: particle-bound residual mercury 

3
: methyl mercury 

Hg o 1 Residual 2 MeHg 3 

200.7 232.65 215.7 

488 0.03055 

0.246 1.76 

-38.9 167 

source 

F1tzgerald 
et al 1991 

EPA 

EPA 

Table 7: Comparison between measured and estimated water and sediment concentrations. 
Measured data from Cooper et al. (1985) and Bonzongo et al. (1996). 

Water Inflow Water Outflow Input Cone Cone 1n Water Cone 1n Sed1ment 
(m31y) (m31y) (ng/L) (ng/L) (llg/g) 

Observed Estimated Observed Esbmated 
EPA May 1995 

south basin 1.82E+09 1.82E+09 1932 528 477 24-35 20 
middle bas1n 1.88E+09 1.88E+09 475 427 25-30 21 
north basin 2.21E+09 1.14E+09 218 315 0.4-4 13 

Cooper et al. 
May 1983-Dec 1984 1.07E+09 7.60E+08 2200 100+240 138 1.8+0.8 6 

Bonzongo et al.(1996) 
May, 1994 2.83E+08 4.06E+08 1471 . 57+0.77 67 3 
June, 1994 .8.21E+07 6.33E+08 824 158+15 50 2 
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Table 8: Parameter uncertainties 
I 

Parameter 

1 Water Inflow 
2 Water Outflow 
.., 

Truckee Inflow .J 

1 TSS inflow 
2 TSS basins 
3 TSS Truckee 
4 Deposition rate 

5 Resuspension rate 

6 Mixing 
7 Sediment introduction 
6 Burial rates 

1 Air 
2 Water inflow 
3 Basins - water 

-sediments 

1 Water 
2 Suspended particles 
3 Bottom sediments 
4 Pore water 

' 

Source Reasons for 
uncertainty 

River Characteristics 

USGS gauge System variability 
' USGS gauge Dam operation 

USGS gauge System variability 

Particle Characteristics 
; 

:EPA System variability 
EPA System variability 

I EPA Insufficient data 
I 

Insufficient data ' EPA and model 
I cah'bration 

I 
I 

, EPA and model Insufficient data 
I calibration 
: Calibration No data 
: Calibration ·No data 
; Calibration No data 

Mercury Concentrations 

I • 
! Literature 
:EPA 
I 
'EPA 
:EPA/ 
: Miller et al. 199 5 

Insufficient data 
System variability 
System variability 
System variability 

Mercury Speciation 

' 

• EPA 
I 
I EPA 
:EPA 
. EPA 

Analytical 
Analytical 
Analytical 
Analytical 
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Levelofconjldence 

high 
high 
high 

medium 
medium 

low 
low 

low 

low 
low 
low 

low 
high 
high 
high 

high 
medium 
medium 

high 



en 
I 

w 
en 

AlR 

water/ particles .... 
m 

- abs01ption + -
~~ 

dissolved 

folatilization 
atmospheric deposition 

-t---
particles 

water/ particles -- out 
WATER resuspenston 

diffusion deposition 

Truckee inflow 

diffusion 
UPPER SEDIMENT moong 

diffusion 

burial 
diffusion LOWER SEDIMENT moong 

t 

Figure 1: Illustration of the QW ASI model for mercury behavior in one basin of the Lahontan Reservoir 
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Figure 2: Geologic map of Lahontan Reservoir with basin segmentation. 

(Source: Miller et. al. 1995) 
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J.R. Miller eta/. I Journal of Geochemical Exploratwn 52 ( /995) 45-55 
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Fig. 4. Hg concentrations within deltaic deposits and bottom floodplain deposits near the dam (sites LHC-3, LHC-
1 0, LHC-13) reach their highest concentrations near the lower boundary of the post-1915 sediment package. 
These high concentrations suggest a relatively high influx of Hg immediately after dam-closure. In many locations, 
shnnk-swell processes during drought and seasonal low-stages have disrupted vertical trends in Hg concentration 
(sites LHC-21, LHC-25, LHC-37). Note that the presented concentrations have been mathematically normalized 
to account for vertical changes in grain-size. 
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Figure 9 : Estimated rates of monomethyl mercury transport. Rates expressed in g/d. 
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Figure 10 : Estimated rates of residual mercury transport. Rates expressed in g/d . 
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Figure 12: s'ensitivity of mercury water and upper sediment concentrations in south basin 
to doubling parameter values. 
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